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A New Approach to Primary Culture 
of Human Gastric Epithelium 

Pierre Chailler and Daniel Menard 



1. Introduction 

The gastric mucosa assumes several digestive and protective functions 
including enzyme and mucus secretion, as well as sterilization of the luminal 
content through the release of hydrochloric acid. Distinct epithelial populations 
located in specific compartments of the gastric pit-gland units mediate these 
secretory functions. In addition, previous studies from our laboratory (1-5) and 
others suggest that local growth factors and extracellular matrix (ECM) proteins 
may cooperatively regulate epithelial morphogenesis, differentiation, and home- 
ostasis at the level of the stomach. Owing to the absence of a normal or cancer 
cell line that could serve as an in vitro model to delineate the molecular mech- 
anisms involved, gastric epithelial biology mostly relied on primary culture of 
epithelial cells freshly isolated from the stomach mucosae of animal species. 
The protocols used were based on two different approaches, i.e., microsurgi- 
cal/scraping techniques and enzymatic treatments. The first requires laboratory 
expertise and, unless gradient fractionation or elutriation is used to purify glan- 
dular cells, these are rapidly overgrown during the first 2 d of culture by divid- 
ing mucous cells originating from the pits (foveolae) of gastric units (6-8). The 
second approach, which commonly uses a combination of collagenase and 
hyaluronidase, generates cultures that are initially composed of mucus-secreting 
cells mainly, with a low proportion of acid-secreting parietal cells (9,10). Such 
cultures are also devoid of glandular zymogenic cells, named chief or pepsino- 
gen cells. These represent the major cell type found at the base of gastric glands 
and they are highly specialized for the secretion of pepsinogens. Their absence 
in epithelial cultures is particularly deleterious for the advancement of gastric 
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physiology in humans. Indeed, human chief cells not only contribute to the 
digestion of dietary proteins, but also to triglyceride lipolysis through the secre- 
tion of a bile salt-independent and acid-tolerent gastric lipase, which is absent 
in rodents. 

Also consistent with the complex nutritional requirements of epithelial cells, 
supplements must be added to support the attachment and survival of gastric 
epithelium in primary culture. Either surgical or enzymatic dissociation proce- 
dures yield a crude suspension of single dispersed cells with a few multicellu- 
lar aggregates that necessarily require the presence of a biological substratum. 
Hence, the conventional use of fetal bovine serum (FBS) plus fibronectin or 
collagen I as supplements, appears to optimize the multiplication and differen- 
tiation of mucous cells at the expense of other epithelial cell types (11,12). It 
is, thus, obvious that primary cultures prepared from total and mixed gastric 
populations using the above techniques are not representative of the integral 
gastric epithelium. So far, limited applications have been found for the study of 
mucous cell proliferation (13-15), mucin biosynthesis (16,17), and bacterial 
pathogen binding (18). 

In the past, several investigators (19-21) have noted in their extensive review 
of culture methodologies used for intestinal epithelial cells, that microexplants 
or multicellular clumps of epithelial cells have a much greater capacity to 
adhere and survive on plastic than single dispersed cells. Recently, a new 
nonenzymatic method based on a procedure to recover cells grown on Matrigel 
with Matrisperse Cell Recovery Solution was used to dissociate the human fetal 
intestinal epithelium from its surrounding lamina propria (22). We successfully 
applied this strategy to the human fetal stomach (23,24) and showed that gas- 
tric epithelial cells can easily be dissociated using this commercial agent, as 
reviewed herein. Primary cultures were generated by seeding viable multicel- 
lular aggregates prepared by mechanical fragmentation of the material collected 
after Matrisperse treatment. We further demonstrate that this simple and con- 
venient technique is particularly efficient, allowing for the first time the main- 
tenance of gastric epithelial primary cultures on plastic without a biological 
matrix, as well as the persistent presence of functional glandular chief cells 
able to synthesize and secrete gastric digestive enzymes, i.e., pepsinogen and 
gastric lipase. As exemplified briefly, the new primary culture system will allow 
one to verify the influence of individual growth factors and ECM components, 
as well as their combinatory effects on gastric epithelial cell behavior. 

2. Materials 

2.1. Epithelium Isolation 

1. Dissection medium: Leibovitz L-15 medium plus gentamycin and nystatin, 
40 Ug/mL each (all from Gibco BRL / Life Technologies, Burlington, ON, Canada). 
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2. Matrisperse Cell Recovery Solution® (Becton Dickinson Biosciences, Bedford, MA). 

3. Hank's balanced salt solution (HBSS from Gibco BRL) or phosphate-buffered 
saline (PBS) composition in grams per liter: 8 g NaCl, 0.2 g KC1, 0.73 g anhy- 
drous Na 2 HP0 4 , 0.2 g KH 2 P0 4 , pH 7.4. 

2.2. Cell Culture Methodology 

1. Culture medium: Dulbecco's modification of essential medium (DMEM) and Ham 
F-12 medium (1:1) supplemented with penicillin (50 U/mL), streptomycin 
(50 Hg/mL) (all from Gibco BRL), and 10% (v:v) FBS (Celled Gold FBS from 
ICN Pharmaceuticals Canada, Montreal, QC, Canada). 

2. Plastic multiwell plates, 6 or 24 well. 

3. Alternative media and additives for consideration (Subheading 3.2.2.): DMEM, 
Ham F-12, RPMI-1640, Opti-MEM (all from Gibco BRL), glutamine, HEPES, 
insulin, transferrin, and EGF 

2.3. Cell Characterization 

2.3.1. Cell Growth 

1. Cell counting equipment. 

2. 3 H-thymidine (specific activity 80 Ci/mmol; Amersham Canada, Oakville, ON, 
Canada). 

2.3.2. Dye Staining 

1. Glass cover slips (round 13 mm, Electron Microscopy Sciences, distributed by 
Cedarlane, Hornby, ON, Canada). 

2. Formaldehyde. 

3. 1% periodic acid. 

4. Schiff's reagent (Fisher Scientific, contains basic fuschin plus sodium metabisulfite). 

5. Regaud's fluid: Dissolve 0.48 g of potassium bichromate in 20 mL of distilled 
water (0.3% solution) and add 5 mL of 37% formaldehyde. 

6. Bowie stain solution: Dissolve 1 g of Biebrich scarlet in 250 mL of distilled water 
and filter using Whatmann paper (qualitative 4). Dissolve 2 g of ethyl violet in 
500 mL of distilled water. Filter into Biebrich scarlet solution until neutralization 
(color shifts from red to violet). Filter. Heat-dry the precipitate and dissolve in 
ethanol to obtain a 1% solution. 

7. Acetone. 

8. Xylene. 

9. Permount cover slip mounting medium (Fisher Scientific). 

2.3.3. Immunocytochemistry 

1 . Formaldehyde or methanol. 

2. Immunocytochemistry quenching solution: 100 mM glycine in PBS, pH 7.4. 

3. Immunocytochemistry blocking solution: either use 2% BSA in PBS or 5% Blotto 
(Nestle powdered milk) in PBS. 
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Table 1 

Description of Primary Antibodies 







Dilution 




Category 


Antibody 


for use 


Source 


Growth factor 


EGF/TGFoc-R 


1:100 


Upstate Biotechnology Inc., 


receptors 


mouse monoclonal 




Lake Placid, NY 




IGFI-R 


1:25 


Oncogene Research distributed 




mouse monoclonal 




by Cedarlane, Hornby, ON 




HGF-R 


1:200 


Santa Cruz Biotechnology, 




rabbit polyclonal 




Santa Cruz, CA 




KGF-R 


1:100 


Kindly given by Dr. M. Terada, 




rabbit polyclonal 




National Cancer Center 
Research Institute, Tokyo, 
Japan 


Zymogen products 


Pg5 


1:150 


From A. DeCaro, F. Carriere, 


of gastric chief 


polyclonal antisera 




and R. Verger, INSERM 


cells 






Marseille, France 




HGL 


1:4000 


From A. DeCaro, F. Carriere, 




polyclonal antisera 




and R. Verger, INSERM 
Marseille, France 


Intermediate 


epithelial keratin- 18 


1:2000 


Sigma-Aldrich 


filaments 


mouse monoclonal 







Junctional proteins 



mesenchymal vimentin 
mouse monoclonal 

E-cadherin (clone 36) 
mouse monoclonal 

ZO-1 of tight junctions 
rabbit polyclonal 



1:200 Sigma-Aldrich 

1 : 800 Transduction Laboratories, 

Lexington, KY 
1 :500 Zymed Laboratories, San 

Francisco, CA 



4. Antihuman antibodies: all are diluted in 0.2% BSA-PBS (see Table 1). 

5. Secondary antibodies: FITC-conjugated sheep anti-rabbit and anti-mouse IgG anti- 
bodies (Chemicon, Temecula, CA) diluted 1 :50 and 1 :30, respectively, in 0.2% 
BSA-PBS. 

2.3.4. Western Blotting 

1. Homogenization buffer: Tris-HCl, 4% sodium dodecyl sulfate (SDS), 2% 
(3-mercaptoethanol, 20% glycerol, and 0.08% bromophenol blue. 

2. Nitrocellulose membranes. 

3. Primary antibodies against HGL, Pg5, and keratin- 18 (see Subheading 2.3.3. and 
Table 1). 

4. Western-Light Plus Chemiluminescent Detection System (Tropix, Bedford, MA). 
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2.3.5. Determination of Enzymatic Activities 

For these purposes, cells were seeded in six-well plates and collected by 
trypsinization after selected intervals along with their corresponding media. 
Cells from each well were resuspended in 250 |0.L of either citrate-phosphate 
buffer (for lipase assay) or glycine-HCl (for pepsin assay), then lysed by freeze- 
thawing-refreeze cycle in liquid nitrogen. 

2.3.5.1 . Lipase Activity 

1. Glycerol [ l4 C]trioleate (Amersham Canada; specific activity 50 mCi/mmol). 

2. Fatty-acid-free BSA (Sigma- Aldrich). 

3. Citrate-phosphate buffer pH 6.0: Dissolve 0.1 M citric acid and 0.2 M Na 2 HP0 4 
in water. Mix 37.4 mL of 0.1 M citric acid solution with 62.6 mL of 0.2 M 
Na 2 HP0 4 to obtain a final pH 6.0 solution. 

4. Triton X- 100. 

5. Methanol : chloroform : heptane (1.41 : 1.25 : 1). 

6. Carbonate-borate buffer pH 10.5. This buffer extracts free fatty acids. Prepare 
100 mL each of 0.1 M KOH and 0.1 M Na 2 C0 3 , and 200 mL of 0.1 M boric acid. 
Mix KOH and Na 2 C0 3 solutions, then add boric acid until pH 10.5 is reached. 

2.3.5.2. Pepsin Activity 

1. Glycine-HCl buffer pH 3.0: Dissolve 0.1 M glycine in water and adjust pH 
with HC1. 

2. Acid-denatured and dialyzed hemoglobin: Prepare a 6% hemoglobin (Sigma- 
Aldrich) solution and dialyze against Q.\ N HC1 for 24 h at 4°C. Centrifuge at 
10,000g for 15 min. Collect the supernatant and store 3-mL aliquots at -80°C. 
Upon thawing, dilute at 2% concentration in glycine-HCl buffer. 

3. Trichloroacetic acid. 

2.4. Addition of Growth Factors and Biological Substratum 

1. Human recombinant growth factors: epidermal growth factor (EGF; Becton 
Dickinson) and transforming growth factor-(3l (TGF(3l; R&D Systems, Min- 
neapolis, MN). 

2. ECM proteins: collagen-I (purified from rat tail; Becton Dickinson), Matrigel 
reconstituted basement membrane (Becton Dickinson), laminin-1 (LN-1, Gibco 
BRL), and laminin-2 or merosin (LN-2, Gibco BRL). 

3. Methods 

The methods described below outline: (1) the procedure of epithelium iso- 
lation; (2) the culture methodology; (3) the characterization of cultured cells; 
and (4) the effects of culture supplements, i.e., growth factors and biological 
substratum. 
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3.1. Dissection and Epithelium Dissociation 

3.1 .1 . Specimens 

Tissues from 16 fetuses varying in age from 17 to 20 wk of gestation [post- 
fertilization ages estimated according to Streeter (25)] were obtained from 
normal elective pregnancy terminations. No tissue was collected from cases 
associated with known fetal abnormality or fetal death. Studies were approved 
by the Institutional Human Subject Review Board. The stomach was brought to 
the culture room, immersed in dissection medium, and prepared within a few 
minutes at room temperature. 

3.1.2. Dissection and Dissociation 

The gastric epithelium was dissociated using a new nonenzymatic technique 
based on a procedure to recover cells grown on Matrigel. As opposed to enzy- 
matic treatment, this technique allows dissociation of epithelial tissue as intact 
sheets or large multicellular fragments (see Fig. 1). 

1 . Excise cardia and pyloric antrum regions from the stomach. 

2. Cut body and fundus tissues into explants (3x 3 mm 2 ). 

3. Rinse twice with dissection medium. 

4. Immerse explants in ice-cold and nondiluted Matrisperse Cell Recovery Solution 
for 16-20 h, depending on the age of each specimen (see Note 1). 

5. Dissociate the epithelium by gentle agitation on ice for approx 1 h (see Note 2). 

6. Collect Matrisperse with detached material in a 50-mL tube. Add PBS or HBSS, 
agitate manually, and collect fluid. Repeat several times (6-8) until no detach- 
ment occurs. 

3.2. Cell Culture Methodology 

3.2.1. Seeding 

The resulting material was then fragmented mechanically into multicellular 
clumps and seeded in culture vessels. 

1. Centrifuge the epithelial preparation at low speed, lOOg, 7 min. 

2. Resuspend in culture medium. 

3. Tissue is fragmented mechanically into multicellular clumps (approx 10-15 cells) 
by repeated pipetting cycles: 5-10 cycles with a 5-mL serological pipet and 
5-10 cycles with a 1-mL micropipet. Avoid the formation of air bubbles in the 
suspension. It is important to minimize cell death and single cell dispersion (see 
Note 3). 

4. This material is seeded in plastic 6- well multiwell plates (5 x 10 5 cells in 3 mL) 
or 24-well plates (1.5 x 10 5 cells in 1 mL) and left undisturbed for at least 24 h 
to allow attachment. 
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Fig. 1 . Dissociation of human fetal gastric epithelium during Matrisperse treatment. 
(A) Optical microscopy of intact explant from 17-wk stomach showing the epithelium 
and the surrounding lamina propria. Filled arrows indicate the base of forming glands 
(20x). (B) Explant from 17-wk stomach treated for 10 h (midtreatment). Blank arrows 
illustrate the initial detachment of surface epithelium in large fragment or intact sheet 
(20x). (C) Explant from 17-wk stomach treated for 18 h where epithelial tissue is com- 
pletely detached (40x). (D) Explant from 20-wk stomach treated for 20 h. In some 
samples prepared from older specimens, a few glandular epithelial cells remained not 
dissociated, as indicated by filled arrows (20x). Reproduced by kind permission from 
ref. 23. 



3.2.2. Culture 

Culture medium with nonattached material was discarded after 24 h. Usually, 
it was necessary to rinse the culture surface with a flow of fresh medium once 
or twice in order to remove cell debris and attached mucus. Medium was 
renewed every 48 h thereafter. Cultures were routinely maintained in DMEM/ 
F-12 mixture supplemented with 10% FBS only (no hormones or matrix coat- 
ing) and characterized after selected intervals using phase-contrast microscopy. 
After spreading of epithelial colonies, a confluent monolayer of polyhedral and 
irregularly shaped cells was obtained (see Fig. 2A,B). 

The overall quality of primary cultures strictly depended on the initial den- 
sity of epithelial aggregates. Furthermore, several medium formulations were 
tested for their efficiency to support cell proliferation and monolayer formation: 
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Fig. 2. Epithelial status of human gastric primary cultures. Upper panel: Phase- 
contrast morphology of fetal gastric epithelial cells after 1 .5 d (A) and after 4 d (B) 
(magnification lOx). Lower panel: Indirect immunofluorescence of epithelial keratin- 
18 (C), mesenchymal vimentin (D), tight junction ZO-1 (E), and E-cadherin (F). 
Adapted from refs. 23,24. 



1. DMEM. 

2. HamF-12. 

3. DMEM/F-12 mixture. 

4. RPMI 1640. 

5. Opti-MEM. 

As expected from cell-culture references (26), DMEM/F-12 was optimal for 
reaching confluence rapidly, i.e., after 3-4 d. DMEM alone and Opti-MEM 
rather supported the formation of more compact epithelial colonies, particu- 
larly in the presence of 4 mM glutamine and 20 mM HEPES. Consequently, the 
adequate medium formulation should be selected according to the necessity of 
rapid confluence or a more polarized epithelial morphology in specific exper- 
imental studies. It is also worthy of mention that the concentration of FBS can 
be reduced to 4-5% when the following growth factors are added: 5 flg/mL 
insulin, 5 |J.g/mL transferrin, and 10 ng/mL EGF. Under all previous condi- 
tions, a low number of cells spontaneously detached from the culture substra- 
tum during the first week of culture without altering the integrity of the 



Human Gastric Epithelium 

D Cell Counts ■ Thymidine Incorporation 
2000 



225 



E 

« 1500 



• 1000 



500 : -r- 



To 



ratte 



1.5 



Culture time (days) 



Fig. 3. Growth kinetics. Cell counts were determined at different culture intervals 
and final results expressed as the number of cells x 10 3 per well. The levels of 
3 H-thymidine incorporation are in CPM per well. Note that the number of cells and 
radioprecursor uptake rapidly increase by twofold during the first 48 h. Adapted from 
ref. 23. 

monolayer. Thereafter, cell detachment became progressively more intense. 
Such results may suggest that the cell adhesion kinetics could be ameliorated 
with the use of ECM protein coatings, as discussed in Subheading 3.4. 

3.3. Cell Characterization 

3.3.1. Cell Growth 

Cell number and viability were evaluated after each day by hematocyto- 
meter counting and trypan blue exclusion technique performed on trypsin- 
dissociated cells (26) (see Fig. 3). The DNA synthesis rate was determined by 
incubating cells seeded in 24-well plates with 2 [iCi/mL of 3 H-thymidine 
during the last 12 h of each interval. Specimens were rinsed, radioactivity 
incorporated into total DNA was precipitated by trichloroacetic acid treatment 
and then solubilized with 0.1 M NaOH + 2% Na 2 C0 3 for 30 min. One-milliliter 
aliquots were counted in a (3-liquid scintillation system (see Fig. 3). 

3.3.2. Dye Staining 

In these experiments, suspensions were seeded on sterile glass cover slips 
deposited in culture vessels. At the end of culture intervals, specimens were 
rinsed with HBSS pH 7.4 and then processed. PAS staining revealed that a sig- 
nificant proportion of cultured cells, but not all, were mucous cells (see 
Fig. 4A). Bowie staining provided the first evidence of the presence of viable 
chief cells in our primary culture system (see Fig. 4B). 
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Fig. 4. Histochemical analysis of differentiation markers. (A) PAS staining showing 
intense reactivity in a majority (50-60%) of cells. Dark staining at the center of the 
specimen reveals the presence of mucus (16x). (B) Bowie staining of pepsinogen- 
containing cells with their cytoplasm appearing dark violet (white arrows) (16x). Inset 
illustrates positive cells at higher magnification (40x). (C) Bowie staining of parietal 
cells that appear pink (black arrows) (16x). Adapted from ref. 23. 



3.3.2.1. Periodic Acid Schiff (PAS) for Identification 
of Mucus-Producing Cells 

1. Fix specimens in 3.7% formaldehyde for 15 min at room temperature. 

2. Incubate in 1% periodic acid for 10 min. 

3. Rinse 5 min in running tap water. 

4. Incubate 15 min in Schiff reagent. 

5. Wash in water, allow to dry completely, and mount with Permount. 

3.3.2.2. Bowie Staining (27) or Pepsinogen-Containing Cells 

1. Fix specimens 12 min in Regaud's fluid. 

2. Rinse 5 min in water. 

3. Incubate for 5-10 s in Bowie solution. 

4. Rinse in water and PBS. 

5. Dehydrate specimens in acetone (two rapid dippings), soak 30 s in acetone : xylene 
(1:1), differentiate in xylene for 1 min, and mount with Permount. 

3.3.3. Immunocytochemistry 

Several protein markers previously associated with the functional develop- 
ment of human fetal gastric epithelial cells were analyzed using indirect 
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Table 2 

Expression of Gastric Epithelial Markers by Functional Category 



Junctions / 


Growth Factor 


Integrin 


Secretory 


Cytoskeleton 


Receptors 


Subunits 


Products 


E-cadherin 


EGF-R 


PI 


PAS-pos. 


ZO-1 


IGFI-R 


a6 


mucin-6 


Keratin-18 


HGF-R 


cx3 


HGL 


(vimentin) 


KGF-R 


(x2 
(34 


Pg5 



Proteins detected in all cultured cells are written in bold. Secretory products were 
present in the intracellular granules of cell subpopulations, whereas cx2 and (S4 inte- 
grin subunits were absent in a low number of cells. Vimentin immunoreactivity was 
almost negative (see ref. 23 for detailed results). 



immunofluorescence. Assays were performed on cells cultured on sterile glass 
cover slips. The epithelial nature of the cells was confirmed by the presence 
of keratin-18, E-cadherin, ZO-1, and the absence of vimentin staining (see 
Fig. 2C-F). Table 2 summarizes our data (see refs. 23, 24, and 37 for detailed 
analyses). 



Fix specimens in fresh 3% formaldehyde for 12 min or in methanol for 10 min. 

If necessary, free aldehyde residues are quenched by a 15-min incubation in 

quenching solution. 

Nonspecific binding is prevented by adding blocking solution for 15 min. 

Incubate specimens inside a humidified chamber with choice of mouse and rabbit 

primary antibodies for 60 min. 

After rinsing, add appropriate dilutions of anti-mouse and anti-rabbit secondary 

antibodies for 45 min. 

Rinse and mount on glass slides. 

Specimens were examined on a Reichert Polyvar microscope equipped for 

epifluorescence and photographed with Kodak TMAX film (400 ASA). 



3.3.4. Western Blotting 

1. Dissociate cultures seeded in six-well plates. 

2. Lyze cells in homogenization buffer. 

3. Separate proteins (180-200 U.g aliquots) by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE), transfer onto nitrocellulose mem- 
branes, and then incubate with primary antibodies against HGL, Pg5, and keratin-18. 

4. Membranes are finally processed with the Western-Light Plus Chemiluminescent 
Detection System. 

5. Autoradiograms exposed in a linear range are quantified by densitometry and the 
signals are normalized to those of the keratin-18 control. 
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3.3.5. Determination of Enzymatic Activities 

Previous studies from our laboratory (cited in 24) have already established 
that human fetal gastric explants can be maintained fully functional in organ 
culture for several days. We also unravelled a nonparallelism of synthesis and 
secretion for both gastric enzymes in the last system: pepsin activity increases 
over a 5-d period whereas lipase activity decreases. In order to determine 
whether isolated gastric epithelial cells (and chief cells, in particular) retain 
their intrinsic capacity to produce and secrete digestive enzymes in primary 
culture, enzymatic activities were measured in cells and culture fluid as 
described previously for human fetal stomach (28). 

3.3.5.1 . Lipase Activity 

Lipolytic activity attributed to HGL in the presence of triglycerides was 
determined using glycerol [ 14 C]trioleate as substrate and fatty-acid-free BSA as 
carrier of released fatty acids (29). 

1. The assay system contains: 1.2 u,mol labeled triglyceride, 10 |imol citrate- 
phosphate buffer pH 6.0, 0.1 limol BSA, 2 \xM Triton X-100, and 100 uL of 
cell homogenate (prepared in citrate phosphate buffer as described in Subheading 
2.3.5.) in a final volume of 200 uL. 

2. Incubate 60 min at 37°C. 

3. Stop reaction and separate free [ 14 C]oleic acid by liquid-liquid partition: add 
3.25 mL of methanol : chloroform : heptane (1.41 : 1.25: 1 by volume) and vortex 
vigorously. Immediately add 1.05 mL of carbonate-borate buffer pH 10.5 and 
vortex during 45 s. 

4. Centrifuge at 1800g for 20 min. 

5. Count a 1-mL aliquot of the superior fraction of supernatant in a (3-scintillation 
system. 

6. The specific activity of HGL is expressed as nanomoles (nmol) of free fatty acids 
(FFA) released per minute per milligram of protein. 

3.3.5.2. Pepsin Activity 

Pepsin activity resulting from activation of pepsinogen at acid pH was mea- 
sured by the method of Anson and Mirsky (30). 

1. The assay tube contains: 900 uL of glycine-HCl and 100 uL of cell homogenate 
(prepared in glycine-HCl as described in Subheading 2.3.5.) to which is added 
1 mL of 2% hemoglobin as substrate. 

2. Reaction is carried out at 37°C for 10 min. 

3. Stop with 6.2% trichloroacetic acid, vortex, and keep on ice for 1 h. 

4. Centrifuge samples at 20,000g for 20 min. 
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5 days 



Fig. 5. Immunodetection of human pepsinogen (Pg5) and human gastric lipase 
(HGL). (A) Anti-Pg5 immunoreactive cells observed at 1.5 d. A subpopulation of cul- 
tured cells exhibited an intense granular staining (40x). (B) Similarly, a subpopulation 
were positive for anti-HGL staining at 1.5 d (40x). (C) Densitometric analysis of West- 
ern blot experiments (n = 3) revealing the progressive increase in pepsinogen reactiv- 
ity after normalization with the keratin- 18 control. (D) Densitometric analysis (n = 3) 
of HGL signals shows that the amount of HGL protein progressively decreased in cul- 
tured cells. Adapted from ref. 23. 



5. Quantitate the free amino acid products generated by pepsin activity in the super- 
natant by spectrometry (280 nm) using a L-tyrosine standard. 

6. Pepsin specific activity is expressed in units (jimoles/min) per milligram of 
protein. 
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Fig. 6. Measurements of pepsin and lipase activities: variations during culture and 
upon EGF supplementation. Upper panel: Synthesis and secretion profiles of Pg5 (A) 
and HGL (B). Specific activities were measured in cells and media between culture 
intervals 1.5, 3, and 5 d. Lower panel: (C) Effect of 100 ng/mL EGF on intracellular 
lipase and pepsin activities after 1.5 d in three independent experiments. Adapted from 
refs. 23 and 24. 



Protein content of the homogenates was measured by the method of Lowry 
et al. (31). 

In primary culture, pepsin activity remained fairly constant (see Fig. 6A), 
whereas intracellular activity of HGL dramatically decreased and its extracel- 
lular activity was high on d 3 and reduced on d 5 (see Fig. 6B). This illus- 
trates that the digestive enzymes coexpressed by glandular chief cells are 
differentially regulated, corroborating previous data obtained in organ culture 
(2,28,33). 

3.4. Addition of Growth Factors and Biological Substratum 

Homeostasis of digestive epithelia, maintenance of cell polarity, as well as 
differentiation of specialized cell lineages, are governed by cell-to-cell interac- 
tions and extracellular signals present in the cell microenvironment. The latter 
are represented by growth factors and by ECM components such as laminins 
(LNs), collagen-IV, and heparan sulfate found at the level of the epithelial base- 
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ment membrane (34-36). Obviously, the current culture system is the first that 
allows one to discriminate their individual effects on the gastric epithelium 
because it does not contain hormonal supplements, mesenchymal constituents, 
or a biological substratum. 

3.4.1. ECF Supplementation 

Growth factors known to be trophic for the gastric mucosa such as EGF, 
TGFoc, IGF-I, and IGF-II play a major role in gastric physiology because of 
their effects on mucosal repair and/or inhibition of gastric acid secretion. Their 
receptors are ubiquitously expressed along the foveolus-gland axis, they stim- 
ulate epithelial cell proliferation in organ culture, and they downregulate HGL 
expression (mRNA, protein, enzyme activity) without affecting Pg5 (refs. 2, 
5, 33, and review 24). In total accordance with the last results, EGF triggered 
the same effects in the current primary culture system (see Fig. 6C): at the 
100 ng/mL concentration, it specifically decreased HGL activity after 1.5 d. 

3.4.2. Biological Matrix Coatings 

Basement membrane LNs (LN-1, LN-2, LN-5, and LN-10) provide cues for 
cell polarity and promote the expression of tissue-specific genes in differenti- 
ating epithelial cells. In addition, their localization along the foveolus-gland 
axis in the developing human gastric mucosa (1,3) either suggests a role in dif- 
ferentiation of epithelial cell lineages or gland morphogenesis. TGF(3l is also 
one of a few growth factors associated with basement membranes and it is now 
recognized as a regulator of cell-matrix interactions. As described in ref. 37 
and illustrated below (see Fig. 7), these mediators had profound effects on cell 
polarity and HGL expression in gastric primary cultures. 

1. For this purpose, culture flasks were precoated with ECM proteins: collagen-I 
(20 ug/mL), LN-1, LN-2, or their mixture (10 lig/mL total), and Matrigel (a com- 
plex reconstituted basement membrane, 3.4 mg/mL). 

2. Individual ECM components (see Fig. 7A) could not prevent the spontaneous 
decrease of cellular HGL activity and mRNA that occurs during a 5-d period; stro- 
mal-type collagen-I even had a negative influence compared to TGF(3l and LN-1/ 
LN-2 mixture (individual LN-1 and LN-2 exerted similar effects; not shown). 

3. By contrast, a thin coating of Matrigel initially increased and then maintained 
HGL levels (activity, mRNA) during 5 d (see Fig. 7B). Moreover, a combination 
of LNs plus TGF(3l, which are purified constituents of Matrigel, was able to 
upregulate HGL synthesis through a powerful synergism (see Fig. 7B). Matrigel 
and LNs+TGF(3l exerted beneficial effects on many aspects of human gastric 
epithelial morphology such as epithelial cell polarity, accumulation of intracellu- 
lar granules in apical cytoplasm, and maintenance of E-cadherin at cell-cell con- 
tacts (see Fig. 7C and ref. 37 for detailed results). 
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Fig. 7. Regulation of lipase activity by ECM components. In (A), specific activities 
were measured in cells between culture intervals 1.5, 3, and 5 d in the presence of 
either 5 ng/mL TGFf31 (plus 0.1% BSA) or thin coatings of LNs (LN-l/LN-2 mixture) 
and collagen-I (Coll-I). In (B), comparison on a different scale between the effects of 
LNs, Matrigel, and a LNs+TGF(31 combination. In (C), illustration of ECM protein 
bioactivity on gastric epithelial cultures. 



Taken altogether, the new and future data generated with this primary culture 
system of human gastric epithelium using a convenient nonenzymatic dissoci- 
ation technique will certainly contribute to a better understanding of the intrin- 
sic mechanisms by which mucosal growth factors and ECM cooperatively and 
directly regulate gastric epithelial functions. Alternatively, the morphological 
and functional characteristics of primary cultures suggest applications for the 
study of pathogen binding to gastric epithelial barrier and for the study of 
regeneration and restitution associated with ulcer wounding. 

4. Notes 

1. Period of incubation in Matrisperse solution increases with age: 16 h is usually 
sufficient for a 16-wk specimen, 18 h for 17-wk, 20 h for 18-wk, and 24 h for 
20-wk stomach. Larger explants will require a longer incubation. It is worth men- 
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tion that we noted no significant alteration of culture viability and functionality 
when incubation was prolonged for a few hours. 

2. Gentle agitation on a rocker platform (approx 30 cycles per min) is recommended 
and detachment of epithelial sheets is generally visualized after 45-50 min. They 
appear thin and translucent compared to intact explants. More vigorous manual 
agitation will accelerate the process at this stage. However, do not agitate the sus- 
pension by hand too strenuously in order to prevent the induction of apoptosis 
(anoikis) in dissociated cells. 

3. Hand-to-hand adaptation of the technique aims at minimizing single-cell disper- 
sion. Epithelial cells isolated from gastrointestinal organs attach and survive 
poorly on plastic compared to multicellular aggregates (19-21). The abundance of 
damaged cells during initiation of the culture is possibly deleterious and their 
number can be reduced by simply performing a 5-min sedimentation after step 
3.1.2.6. Discard the cells/debris that remain in suspension and continue to 
Subheading 3.2.1. 
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Isolation and Culture of Human Colon Epithelial 
Cells Using a Modified Explant Technique 
Employing a Noninjurious Approach 

Hamid A. Mohammadpour 



1. Introduction 

Colorectal cancer, originating in tissues of epithelial origin, is one of the 
most prolific among human malignant diseases. The prevalence of this disease 
creates a need for colon epithelial cell lines to facilitate the study of the etiol- 
ogy of this disease and the biochemical and molecular characteristics of epithe- 
lial cells. Several approaches for the isolation of colon epithelial cell cultures 
have previously been reported (1-8). Methods vary, ranging from enzymatic, 
mechanical disruption, and explant procedures. The enzymatic and mechanical 
approaches employed to isolate individual cell types are not always practical 
because they generally result in a homogeneous cell population of fibroblasts 
(2,3). This is owing to the fact that fibroblasts adhere to a matrix more effi- 
ciently, preventing other cell types from propagating and because few epithelial 
cells survive harsh treatments (2). The method described herein is based on a 
noninjurious approach using minimal primary tissue manipulation to isolate 
colon epithelial cells in culture (7). The colon epithelial cell lines are developed 
through long-term observation of untreated explants. Epithelial cell lines are 
obtained through the use of cloning rings. The isolation of colon epithelial 
cancer cells is obtained by differential attachment of the epithelial cells and/or 
the use of cloning rings. 

The protocols below describe the procedures required to: (1) prepare con- 
ditioned media; (2) transport and wash human colon tissues; (3) explant 
human colon tissues; and (4) isolate and propagate human colon epithelial cells 
in culture. 
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2. Materials 

2.1. Tissue-Culture Facility 

1 . Laminar flow hood, BioSafety level two 

2. A humidified, incubator set at 37°C. 

3. An inverted phase-contrast microscope. 

4. Hemocytometer. 

5. Scalpel. 

6. Forceps. 

7. Tissue-culture flasks and dishes. 

8. Assorted cloning rings. 

9. 70-|im cell strainers. 

2.2. Solutions 

1. Hank's balanced salt solution (HBSS) containing penicillin (50 U/mL), strepto- 
mycin (50 )ag/mL), and amphotericin B (0.5 |lg/mL). 

2. Fibroblast growth media (FGM) consisting of RPMI-1640 supplemented with 
2 mM glutamine, penicillin (50 U/mL), streptomycin (50 U.g/mL), amphotericin B 
(0.5 U.g/mL), 10% fetal bovine serum (FBS), insulin (5 U.g/mL), and transferrin 
(5 H-g/mL). 

3. Colon tissue transport media consisting of RPMI-1640 supplemented with 2 mM 
glutamine, penicillin (50 U/mL), streptomycin (50 U.g/mL), and amphotericin 
B (0.5 Hg/mL). 

4. Epithelial growth media (EGM) consisting of RPMI-1640 supplemented with 
3-5% fibroblast conditioned media, 2 mM glutamine, penicillin (50 U/mL), strep- 
tomycin (50 |0.g/mL), amphotericin B (0.5 |0.g/mL), 10% FBS, insulin (5 |0.g/mL), 
and transferrin (5 U.g/mL). This may be filtered using a 0.22-u.m sterile filter to 
insure sterility has been maintained. 

5. Cell culture freezing media. 

6. Trypan blue (0.4%). 

7. 0.05% trypsin-ethylenediaminetetraacetic acid (EDTA). 

8. Conditioned media. 

9. Sterile grease. 

10. Phosphate-buffered saline (PBS). 

2.3. Cells and Tissue 

1. Fibroblasts at low passage/population doubling level (PDL) (available from 
American Type Tissue Culture). 

2. Human colon tissue. 

3. Methods 

3.1. Preparation of Conditioned Media using Fibroblasts (see Note 1) 

The culture of fibroblasts should be conducted under sterile conditions. 
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1. Rapidly thaw a vial of frozen cells (PDL <30, approx 1 x 10 6 cells) using a 37°C 
water bath. 

2. Transfer the cells into a T-75 cm 2 tissue-culture flask containing FGM. 

3. Incubate the cells in the presence of 5% C0 2 and humidity at 37°C overnight. 

4. Replace the media the next day and continue to change the media every 2-3 d. 

5. Allow the cells to grow to 80% confluency. 

6. Expand the cells: 

a. Wash the cells with PBS. 

b. Add 2 mL of 0.05% trypsin/EDTA and incubate at room temperature until the 
cells dislodge from the plate. 

c. Add 10-12 mL of FGM and gently pipet up and down to disperse the cells. 

d. Seed the cells in new flasks at a ratio of 1 : 3 in FGM. 

7. Allow the cells to grow to 80% confluency. 

8. Remove the growth media and wash the cells once with serum-free FGM. 

9. Maintain the cells in serum-free FGM for 48-72 h (see Note 2). 

10. Collect the media and replace it with fresh serum-free FGM every 48-72 h. 

1 1 . Filter the collected media using a cell strainer and then centrifuge at 800g, 4°C for 
5 min to pellet any cell debris. 

12. Remove the supernatant and aliquot into 15-mL sterile tubes and store at -20°C. 
This is the conditioned media to be added as a supplement to the epithelial growth 
media. 

13. Repeat this procedure several times or until the cells become senescent. 

14. This procedure can be repeated as needed (see Note 3). 

3.2. Transporting and Washing Human Colon Tissues 

Colon tissue is obtained from patients undergoing colon resection due to 
colon cancer or other gastrointestinal diseases or abnormalities. The following 
steps should be carried out using sterile techniques to minimize contamination. 

1 . Immediately place the colon tissue in a sterile plastic beaker containing 4°C colon 
tissue transport media. 

2. Transport the tissue on ice to the laboratory for processing. 

3. Transfer the tissue into a sterile Petri dish. Remove and discard any damaged 
areas using a scalpel, gently holding the tissue with a forceps. 

4. Remove the connective tissue and membranes from the colon exposing the 
mucosa layer below, which contains epithelial layers. 

5. Dice into 2-3-mm sections and transfer the sections into 50-mL conical tubes. 

6. Add 37°C HBSS to cover the sections. Swirl the tube gently to remove any debris 
or fecal materials that might have been trapped in the tissue. 

7. Allow the sections to settle and remove HBSS using a pipet. 

8. Repeat this procedure at least 10 times to ensure the sections are clean, followed 
by several washes with EGM (see Note 4). 
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Fig. 1. Extensions or appendages growing outward from explanted colon tissue 
sections. 



3.3. Explanting 

The explanting procedures should be conducted under sterile conditions. 

1. Transfer 10-15 washed tissue sections (2-3 mm) into a 100-mm Petri dish con- 
taining EGM (see Note 5). Place the section with the mucosal layer in contact 
with the surface of the dish. 

2. Carefully transfer the dish to the incubator with humidity and 5% C0 2 at 37°C. 

3. Do not disturb the dishes for several days, allowing the sections to adhere to the 
plate. 

4. After a few days, gently remove the dishes from the incubator and replace 50% of 
the media with fresh media without disturbing the adhered sections (see Note 6). 

5. Remove sections that are not adhered to the plate. 

6. Return dishes to the incubator. 

7. Change 50% of the media 2-3 times per week without disturbing the sections. 

8. Over time, you will observe (using an inverted microscope) the presence of exten- 
sions or appendages growing outward from the sections (see Fig. 1). Initially, these 
extensions will be made up of fibroblasts and it may require weeks (>6) of obser- 
vation before obvious epithelial cell growth is apparent. This outgrowth of fibrob- 
lasts and other cells will sometimes occur in clusters and sometimes as individual 
cells. This observation may not be true for all the explanted sections (see Note 7). 

9. Continue changing the media as before until epithelial cell layers are evident under 
the microscope. The morphology of these epithelial cells can be described as 
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Fig. 2. (A) Epithelial cells showing columnar or brick-like morphology. (B) Raised 
clusters of epithelial cells surrounded by mucus. 



columnar or brick-like (see Fig. 2A) or as raised clusters covered with clear mucus 
(see Fig. 2B) rather than the elongated, spindle shape common of fibroblasts. 
10. Isolate the epithelial cells when you see colonies or fields that can be removed 
from other cells successfully either by cloning rings (see Fig. 3A) or by serial 
replating (see Fig. 3B). 
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Fig. 3. (A) Epithelial cells growing as colonies adhered to the surface of the plate. 
The epithelial cells are surrounded by fibroblasts and can be isolated through the use 
of cloning rings. (B) Epithelial cells in the form of a cluster surrounded by mucus and 
loosely associated with fibroblasts. The epithelial cells can be separated from the 
fibroblasts by Serial Replating. 



3.4. Isolating Colon Epithelial Cells from Other Cell Populations 

The isolation of colon epithelial cells should be conducted under sterile 
conditions. 
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3.4.1. Isolating Colon Epithelial Cells Using Cloning Rings 

Epithelial cells can be isolated from a population derived from explants 
using a cloning ring when the cells are forming distinct colonies and are 
adhered to the surface (see Fig. 3A). 

1. Remove the media from the Petri dish and carefully wash the cells with 37°C PBS. 

2. Identify and mark those areas containing normal epithelial cells with a marker on 
the outside of the Petri dish. 

3. Select a cloning ring smaller than the identified area to reduce the transfer of 
other cell types during the isolation procedure (see Note 8). 

4. Using a sterile Q-tip, apply a small amount of sterile grease to the outer edge 
of the cloning ring. 

5. Gently place the ring on top of the patch selected for isolation and apply even 
pressure to anchor the ring. Avoid spreading the grease or damaging the cells. 

6. Add a few drops of 0.05% trypsin-EDTA in the cloning ring and gently rotate 
the plate to cover the cells. 

7. Allow to sit at room temperature until the cells appear to be dislodged from 
the plate. 

8. Add a few drops of EGM to inactivate the trypsin. 

9. Using a pipet, remove the dislodged cells and place into a conical tube containing 
several milliliters of EGM. 

10. Pipet the cells up and down and filter through a cell strainer to make a single-cell 
suspension. 

1 1 . Centrifuge (4°C) at 800g for 5 min to remove media containing trypsin. 

12. Remove the supernatant and add fresh EGM. Resuspend the cell pellet gently and 
determine cell number using trypan blue. 

13. Plate the cells at a density of 0.5-1.0 million cells per T-75 cm 2 flask and continue 
cell maintenance in EGM. 

3.4.2. Separating Epithelial Colon Cells from Other Cell Populations 
Without the Use of a Cloning Ring and/or Enzymatic Digestion 

The presence of mucus surrounding clusters of cancer cells often causes the 
epithelial cells to form a loose association with the surface of the plate and/or 
fibroblasts (see Fig. 3B). This property permits the separation of cancer cells from 
other cell populations without the use of cloning rings or enzymatic disruption. 

1 . Gently tap the side of the dish with the palm of your hand to dislodge the clusters. 

2. Transfer the media containing the clusters to a centrifuge tube. 

3. Centrifuge at 4°C and 800g for 5 min. 

4. Discard the supernatant. 

5. Add 2-3 mL (depending on the size of the pellet) of 0.05% trypsin-EDTA and 
incubate at room temperature with occasional agitation to break up cell clumps 
and mucus. 
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6. Add approx 10 mL EGM and filter through a cell strainer, centrifuge as before, 
and remove the media. 

7. Resuspend the cell pellet in EGM and plate into a new flask. 

8. Expand the colon epithelial cells when the cell density reaches 75-80% 
confluency: 

a. Wash the cells with PBS. 

b. Add 2 mL of 0.05% trypsin/EDTA and incubate at room temperature until the 
cells dislodge from the plate. 

c. Add 10-12 mL of EGM and gently pipet up and down to disperse the cells. 

d. Seed the cells in new flasks at a ratio of 1 : 3 in EGM. 

3.4.3. Isolating Epithelial Colon Carcinoma Cells by Serial Replating 

If the isolation of pure cultures is not obtained by the above procedures, a 
serial replating procedure, which takes advantage of the differential attachment 
of transformed epithelial cells, can be applied. 

3.4.3.1. Serial Replating 

1. Wash the cells with 37°C PBS. 

2. Add 1-2 mL of warm (37°C) 0.05% trypsin-EDTA , and incubate at room tem- 
perature until the cells are detached from the plate. 

3. Add 5-10 mL EGM, pipet the cells up and down and filter the cells through a cell 
strainer to remove any clumps. 

4. Centrifuge the suspension at 4°C and 800g for 5 min and remove the supernatant. 

5. Add fresh EGM and resuspend the pellet gently. 

6. Count the cells and replate at a density of 0.5-1.0 million cells in a T-75 cm 2 
flask and return to the incubator. 

7. Incubate the cells for approx 1 h. Most fibroblasts adhere to the surface during the 
incubation because of the fact that they attach at a faster rate than other cells such 
as epithelial cancer cells. This differential attachment allows for the isolation of 
the nonadherent cells (see Note 9). 

8. Remove the media containing suspended cells, which includes cancer cells, and 
transfer into a new T-75 cm 2 flask. 

9. Repeat steps 7 and 8 until all of the fibroblasts have been removed. This is an 
effective method for isolating pure epithelial cancer cells from a mixed population 
of cells. 

10. When fibroblasts are no longer present, return the flask to the incubator and allow 
the cells to grow to 80% confluency. 

11. Continue to culture the pure epithelial cells (see Fig. 4). 

a. Wash the cells with PBS. 

b. Add 2 mL of 0.05% trypsin/EDTA and incubate at room temperature until the 
cells dislodge from the plate. 

c. Add 10-12 mL of EGM and gently pipet up and down to disperse the cells. 

d. Seed the cells in new flasks at a ratio of 1 : 3 in EGM. 
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Fig. 4. Pure epithelial cells originating from colon tissue explants and isolated by 
Serial Replating. 



3.5. Freezing and Storage of the Cells 

At various PDLs, aliquots of the cultured cells can be frozen and stored in 
the vapor phase of liquid nitrogen for future use. 

1 . Grow cells to 75-80% confluency in a tissue-culture flask. 

2. Wash the cells three times with PBS and add 2 mL of 0.05% trypsin-EDTA. Incu- 
bate at room temperature to dislodge the cells. 

3. Inactivate the trypsin with RPMI-1640 media containing 10% FBS. 

4. Centrifuge at 800g for 5 min. 

5. Remove the supernatant and resuspend the cells in cold freezing media (see 
Note 10). 

6. Aliquot 1 mL (approx 1 x 10 6 cells) of cell suspension into cryogenic tubes and 
freeze in the vapor phase of a liquid nitrogen storage tank (see Note 11). 

4. Notes 

1. To ensure successful cell isolation and growth, it is essential to provide the cells 
with necessary growth factors. There are several ways of accomplishing this, 
including the addition of individual growth factors to the media. This requires 
extensive knowledge of various growth factors, however, and is the most effective 
when the exact cellular requirements are known. Although growth media formu- 
lations have improved dramatically, many cells require additional factors for opti- 
mum growth. Two well-accepted methods of providing the necessary requirements 



246 Mohammadpour 

are the use of conditioned media and the use of feeder cells. Of the two, the 
author considers conditioned media to be more effective for the successful prop- 
agation of cultured cells. 

2. In the absence of serum, the cells are stimulated to produce and excrete growth 
factors. This growth factor-enriched media is used as a supplement to provide 
necessary factors for the propagation of pure cultures of low cell number. 

3. Fibroblasts isolated from the obtained colon tissues may also be used to produce 
conditioned media. Transfer several pieces of colon tissue to a 25-mL Erlenmeyer 
flask containing 5-10 mL of 0.05% trypsin-EDTA. Stir gently for 10-30 min at 
37°C. Periodically check the solution for cell dissociation. It should not take more 
than 30 min to dissociate enough fibroblast cells from the tissue. Inactivate the 
trypsin by adding 10 mL of FGM. Filter through a cell strainer. Centrifuge at 
800g for 5 min and discard the supernatant. Determine cell viability using trypan 
blue and plate the cells in a T75 cm 2 flask at 50% density in FGM. Incubate 
overnight in the C0 2 incubator. Change the media to remove nonviable cells and 
cellular debris. In a few days, fibroblasts start to propagate. Continue changing the 
media every 2-3 d until the cells are 80% confluent. These cells can be used to 
harvest conditioned media as described in Subheading 3.1. 

4. This step is crucial to the success of the isolation procedures. Contamination will 
result in a failed effort and contaminated cultures should be discarded. Attempts 
to wash the contaminated cultures will not be successful. 

5. In order to increase the probability that the explant is successful it is essential to 
plate several individual dishes containing 10-15 tissue sections each because most 
of the explants either do not adhere to the matrix or result in fibroblasts. 

6. The media contains intestinal growth factors produced by the cells and is neces- 
sary for cellular growth. 

7. Fibroblasts grow faster than other cells, if there is a cluster of epithelial cells 
growing under the sections, they will not be obvious early on and time is required 
for them to grow out from under the sections. Removing the sections after observ- 
ing fibroblast growth is premature and may remove the growing epithelial cells 
underneath. 

8. The use of a cloning ring smaller than the patch of selected cells ensures that the 
cells you are isolating are pure. 

9. Often fibroblasts adhere within 30 min of incubation, therefore, observe the cells 
at approx 15-min intervals. The cancer cells are surrounded by mucus that retards 
the attachment of the cells to the surface. This principle allows for the removal of 
the suspended and loosely attached epithelial cells after the fibroblasts have 
adhered to the surface of the plate. 

10. Dimethyl sulfoxide (DMSO) is toxic to cells and personal experience suggests 
that greater cell viability can be attained when cold freezing media is added to 
chilled cells. This procedure should be done rapidly to prevent cell death. 

1 1 . Cancer cells can be stored in a -80°C freezer, although cell viability will decrease 
over time, normal cells should be stored in the vapor phase of liquid nitrogen. 
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Isolation and Culture of Human Hepatocytes 

Martin Bayliss and Graham Somers 

1. Introduction 

The liver performs a wide range of physiologically important metabolic 
functions including the synthesis and secretion of albumin, fibrinogen, and 
other plasma proteins, the synthesis of cholesterol and bile acids, and the 
metabolism of drugs, steroids, and amino acids. In addition, the liver has a cen- 
tral role in energy metabolism as the major store of glycogen and the site of 
gluconeogenesis and synthesis of fatty acids and triglycerides. The liver is, 
therefore, a vital organ; however, it is sometimes difficult to study specific liver 
functions in vivo owing to interfering influences from other organs, e.g., the 
kidney, gut, and lungs, which metabolize drugs and the muscle involvement 
in glucose homeostasis. A number of in vitro preparations such as tissue 
homogenates or subcellular fractions are available to study tissue-specific func- 
tions, although experiments in intact cells, with cell membrane and cellular 
organelles are postulated to reflect the in vivo situation more closely. Hepato- 
cytes represent 60-65% of the number of cells in the liver but occupy some 
80% of the liver volume because of their large volume (1). Nonparenchymal 
cells such as Kuppfer cells, lipocytes, and endothelial cells (6%) make up the 
remaining tissue. Intercellular spaces account for approx 14% of the liver 
volume (1). Isolated human hepatocytes have been used extensively for a vari- 
ety of techniques investigating cellular metabolism (2,3) and the induction 
(4-9), metabolism (10-14), and toxicology of xenobiotics (15,16). 

The preparation of isolated hepatocytes from a heterogeneous tissue such as 
the liver involves several steps. Initially, the cells must be dissociated from the 
fibroconnective skeleton. Tissue dispersion requires the disruption of reticulin 
fibrils along with adhesion proteins such as fibrinonectin and laminin, which 
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constitute the framework of the liver lobule (1). Hepatocyte isolation also 
requires the disruption of cell-cell adhesions, i.e., the junctional complexes, 
and finally, the recovery of the hepatocytes and their preparation for further 
use (1). 

Enzymatic hepatocyte isolation was first introduced in 1967 (17). Prior to 
this time, mechanical and chemical dissociation of the liver parenchyma had 
been used. This latter isolation yielded very poor quality hepatocytes. The 
chemical and mechanical dissociation methods are discussed at length in a 
review by Berry et al. (18). The development of a technique utilizing enzymes 
to digest the liver providing a high yield of functionally active rat hepatocytes 
led to a rapid increase in the utility of the isolated hepatocyte as a model 
system for the study of liver functions (19). The perfusion technique originally 
developed for the preparation of hepatocytes from small animal species has, 
over the last 20 yr, been adapted and applied to human material. 

Human hepatocytes have been prepared from a variety of liver samples, 
including a whole liver (20,21), a portion of whole liver (20), end of lobe 
wedge biopsy samples (1,22-24), and small biopsy fragments (25,26,27). The 
majority of human liver made available for research is in the form of large 
biopsies, which are usually obtained from patients undergoing partial hepatec- 
tomy. This material is usually 5-10 g in size and normally has only one cut sur- 
face. Therefore, the wedge biopsy perfusion method for preparing hepatocytes 
appears to be the most suitable method for utilizing the available material. The 
preparation of human hepatocytes using this method has produced yields of 
between 0.1-30 x 10 6 hepatocytes/g wet liver with cell viability in the range of 
70-95% as determined by trypan blue exclusion. However, cell yields and via- 
bility vary depending on the size of the biopsy, the ability of the operator to 
cannulate the exposed vessels, and the resultant perfusion of the tissue. 

The lack of human liver tissue has prompted developments in maximizing 
the use of human hepatocytes by developing isolation, culture, co-culture, and 
cyropreservation techniques. The limited availability of human material requires 
a system that can provide a high yield of functional isolated hepatocytes rapidly 
utilizing all the available material. 

A major consideration when using human material to prepare hepatocytes is 
the variation in the functional activity between cell preparations. This variabil- 
ity may be caused in part to the length of time taken in obtaining the sample, 
sample storage conditions, or the sample history, as well as the genetic and 
environmental factors affecting the donor. Information regarding the patient 
history, social history, dietary habits, and genetic polymorphism are impor- 
tant for interpreting results. For example, a liver sample removed from a 
patient who had taken a barbiturate overdose can have drug-metabolizing 
enzymes that are significantly induced (28). These enzymes remain elevated 
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in isolated hepatocytes, which are cultured for several days. Furthermore, stud- 
ies by Houssin et al. (29) have also suggested that variable intracellular ATP 
and glycogen content in hepatocyte populations is attributed to the nutritional 
status of the donor. 

Isolated human hepatocytes used in suspension with no attachment to any 
form of extracellular matrix are viable for only a few hours (30). Hepatocyte sur- 
vival and functionality can be extended considerably when cells are maintained 
in monolayer culture conditions in the presence of an extracellular matrix and/or 
a supplemented media. Human hepatocytes in monolayer culture have been 
shown to maintain plasma protein production, glycolysis, and urea synthesis for 
extended periods of time from periods of several days up to 35 d (31-34). 

Drug metabolizing enzymes, on the other hand, particularly the cytochromes 
P450, are maintained during the initial stages of culture, but decline with time 
(35,36). However, these enzymes can be elevated in culture to some extent by 
the use of inducing agents such as phenobarbital, 3-methycholanthrene, and 
rifampicin (5,7-9,37,38). 

A number of factors including the extracellular matrix used, seeding densi- 
ties, culture media, media supplements, and cell-cell interactions need to be 
considered when culturing human hepatocytes. Culture configurations that 
allow greater cell-cell contact have been suggested to have more influence over 
the quality of the resultant hepatocytes than the constitution of the medium. 
The encapsulation of hepatocytes in gel matrices (sandwich configuration) or 
production of cell aggregates (spheroids) have been suggested. The isolation 
and culture of hepatocytes and the evaluation of many of the above factors has 
been discussed and reviewed by a number of workers (7,8,39-42). 

It should be emphasized that a number of different conditions for isolating 
and culturing human hepatocytes have been published and are dependent on 
the type of studies to be carried out with the resultant cell preparation. This 
chapter represents one of the accepted practices at the time of writing. 

2. Materials 

1. In the U.K., human liver samples can be used for hepatocyte isolation and culture 
following approval from the local Ethical Review Board. These samples are often 
obtained as surgical waste following partial hepatactomy {see Notes 1 and 3). 
Where fresh tissue cannot be obtained, cryopreserved hepatocytes or hepatic cell 
lines may be considered {see Notes 13 and 14). 

2. A good supply of cell culture grade water should be used. 

3. The following reagents are required for cell culture. Bovine serum albumin (BSA) 
(Fraction V, fatty-acid free), collagen type I (soluble rat tail or calf skin), colla- 
genase (EC 3.4.24.3) from Clostridium histolyticum (specific activity, 0.17-0.44 
Wunsch U/mg lyophilisate), deoxyribonucleate 5' oligonucleotidohydrolase 
(DNase I; EC 3.2.21.1) from bovine pancreas, Earle's balanced salt solution 



252 Bayliss and Somers 

(EBSS; 100 mL 10X concentrate, calcium and magnesium free), ethylenediamine- 
tetraacetic acid (EDTA), ethylene glycol &w-((3-aminoethyl ether) N,N,N',N'-tetra 
acetic acid (EGTA), 4-(2-hydroxyethyl) piperazine-2-ethanesulfonic acid (HEPES), 
L-glutamine (200 mM), insulin (from bovine pancreas), sodium bicarbonate solu- 
tion (7.5%), trypsin inhibitor (from soyabean, Type II-S), Williams' Medium E 
(WME) without phenol red or L-glutamine, trypan blue [4,4'-/>w(8-amino-3, 
6-disulpho-l-hydroxy-2-naphthalazo)3,3'-dimethylbiphenyl tetrasodium salt] for- 
mulated as a 0.5% w/v solution in 0.85% saline, penicillin/streptomycin 
(lyophilized; 10,000 U/10,000 |0.g/mL). All other chemicals and solvents should be 
of Analar grade or equivalent. 

4. Perfusion buffer: EBSS (magnesium and calcium free); 117 mM NaCl (6.8 g/L), 
5.4 mM KC1 (0.4 g/L), 0.9 mM NaH 2 P0 4 «H 2 (0.125 g/L), 26.16 mM NaHCO, 
(2.2 g/L), 5.56 mM glucose (1 g/L), and 0.05 mM phenol red (0.02 g/L). Add EBSS 
(10X concentrate) to cell-culture grade water (870 mL). Sodium bicarbonate (7.5% 
solution; 30 mL) should be added to give a final concentration of 26 mM and the 
pH adjusted to 7.4. Commercial EBSS (10X concentrate) can be purchased and 
stored for up to 6 mo. Solutions should be prepared on the day of isolation. 

5. Chelating solution: A stock solution of EGTA (25 mM) should be prepared in 0.1 
M NaOH and the pH adjusted to 7.4. This stock can be stored at 4°C for up to 3 
mo. An aliquot of the stock EGTA (25 mM) solution (10 mL) is then added to 490 
mL EBSS solution (pH 7.4) to give a final concentration of 0.5 mM EGTA, pre- 
pare on the day of isolation. 

6. Enzyme solution: Collagenase (0.24 U/mL) is dissolved in EBSS (pH 7.4) (100 
mL). Standardization on a fixed number of units allows for the varying specific 
activities of different batches of enzyme. Trypsin inhibitor (10 mg) and calcium 
chloride (2 mM) are also added. Prepare on the day of isolation. 

7. Hepatocyte dispersal buffer: HEPES (10 mM) containing NaCl (142 mM) and 
KC1 (7 mM) should be adjusted to pH 7.4. BSA should be added slowly to give 
a 1 % w/v solution. Stir slowly and continuously. Prepare on the day of isolation. 

8. Culture medium: L-Glutamine (20 mM) should be added to WME to give a final 
concentration of 4 mM. It is recommended that the culture medium be purchased 
from a commercial supplier. For discussion of alternative media, see Note 10. 

9. Attachment media: WME containing L-glutamine (4 mM), penicillin/streptomycin 
solution (100 U/100 Hg/mL), insulin (0.25 U/mL), and 10% fetal calf serum 
(FCS). The penicillin/streptomycin, insulin are prepared as X100 stock solutions 
in WME without L-glutamine and stored at -20°C in aliquots (1 mL). The stock 
solutions described above are added to WME in a final volume of 100 mL. A 
variety of attachment factors have been used to culture human hepatocytes and are 
discussed in Note 9. 

10. Incubation media is the same as the attachment media excluding FCS. 

1 1 . Culture plates can be purchased commercially precoated with collagen (0.4-1 .4 |0,g 
type I collagen/cm 2 ). Alternatively, plastic culture plates or flasks can be coated 
with soluble collagen. A stock solution of collagen is prepared by dissolving either 
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Fig. 1. Apparatus used for the perfusion of human liver biopsy samples. Reproduced 
with kind permission of D. Cross. 



soluble rat tail or calf skin collagen type I in acetic acid (0.1 M). This solution is 
diluted with sterile water and 100 u,g applied to a 35-mm culture well. This gives 
a coating of 5-10 U.g collagen/cm 2 . Plates are air-dried in sterile conditions, 
preferably in a laminar flow cabinet. The dried plates are washed well with either 
culture quality water or media to remove the acetic acid. 
12. Perfusion apparatus: The equipment used for the perfusion of liver samples to 
prepare isolated hepatocytes is shown in Fig. 1. All perfusion equipment should 
either be autoclaved or washed with 70% ethanol and rinsed with sterile distilled 
water prior to use. The perfusion system consists of three reservoirs each of which 
contains one of the three solutions used to perfuse the liver biopsy sample. Reser- 
voir 1 contained chelating solution [perfusate (EBSS, pH 7.4) with EGTA], reser- 
voir 2 contained perfusate only, and reservoir 3 contained enzyme solution 
(collagenase and calcium ions). The reservoirs are linked via a three-way tap 
system. The flow of perfusate is maintained by a Watson-Marlow 502S peristaltic 
pump (Watson-Marlow Ltd., Falmouth, Cornwall, U.K.). The temperature of the 
perfusate is maintained at 37°C by passage through a heat exchanger. The water 
jacket around the heat exchanger is maintained at 40°C by a recirculating ther- 
moregulator (Harvard Apparatus Ltd, Edenbridge, Kent, U.K.) to accommodate a 
3°C loss in perfusate temperature between the heat exchanger and the polyethyl- 
ene catheters used to cannulate the liver sample. A bubble trap is placed between 
the heat exchanger and the cannulae. Silicon tubing (1.6 mm id and 1.6 mm wd) 
is used to connect the system. 
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All perfusion buffers are continually gassed with a mixture of oxygen and 
carbon dioxide (95% : 5% v/v) and the pH of each solution is monitored through- 
out the perfusion using a pH stick electrode (Jenway Ltd., Dunmow, Essex, U.K.). 

Similar types of apparatus allowing constant perfusion can be designed accord- 
ing to space limitations as long as the main components (water-jacketed temper- 
ature-controlled reservoirs, constant flow, nonpulsatile pump, and bubble trap) are 
present. 
13. Other equipment requirements include 18-gauge catheters (Becton Dickinson, NJ), 
boulting cloth (64 urn; Henry Simon Ltd., Stockport, Cheshire, U.K.), refrigerated 
bench top centrifuge (Hereaus Omnifuge 2.0RS), Improved Neubauer counting 
chamber (Weber Scientific International, Ltd., Lancing, Sussex, U.K.), a standard 
laboratory and an ID03 inverted laboratory binocular microscope (x400 and x320 
magnification, respectively; Carl Zeiss Ltd., Welwyn, Hertfordshire, U.K.), a ther- 
mostatically controlled CO, incubator, an autoclave, a class II laminar flow cabi- 
net and a sterile form of dispensing media, i.e., an automatic Pipettus system 
(Flow Laboratories, Rickmansworth, Hertfordshire, U.K.). 

3. Methods 

Safety note. When working with human material, a solution of medical dis- 
infectant, i.e., Virkon solution (2%), should always be available to disinfect 
spills. All waste media should be disinfected prior to disposal and any tissue 
remaining after the perfusion must be autoclaved before disposal. Local safety 
rules for the handling of human material need to be carefully observed. 

Human hepatocytes are isolated from liver using a three-stage perfusion 
modified from the method of Oldham et al. (43), which was derived from the 
method of Strom et al. (44). The major modifications were the substitution of 
EBSS for HEPES as the perfusion buffer and an additional washing step to 
remove residual EGTA prior to collagenase perfusion, adopted later by other 
workers (45,46). 

1 . Sterile techniques should be employed during the isolation of human hepatocytes 
for culture. All solutions should be either filtered (0.22 u,m) or autoclaved and 
instruments autoclaved when possible. 

Human liver wedge biopsy (5-10 g) samples should be obtained with only one cut 
surface where possible. Polyethylene catheters (18 gauge) should be placed into 
the lumen of the exposed vessels. It is essential to use several catheters (preferably 
four) and obtain a good perfusion of the tissue sample. 

2. The tissue sample should be perfused initially with the chelating solution con- 
taining EGTA (reservoir 1) at a flow rate of 8 mL/min/cannula for up to 8 min 
(see Note 4). This should result in rapid blanching of the liver sample. Areas not 
perfused will not yield isolated hepatocytes. The perfusate should be allowed to 
drain to waste. 
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3. The second step should be to perfuse with EBSS (reservoir 2) for a further 10 min 
to remove the chelating agent from the samples; EGTA inhibits the action of 
collagenase in the subsequent perfusion. The perfusate should be allowed to drain 
to waste. 

4. The third stage should be to perfuse with enzyme solution (reservoir 3). The 
sample should be perfused with collagenase in the presence of calcium ions and 
trypsin inhibitor. Commercial collagenase preparations may be contaminated with 
trypsin, which if active during perfusion is thought to be detrimental to cell- 
surface receptors. The perfusion of the liver sample with collagenase solution 
should continue for up to 40 min or until the surface structure of the liver sample 
obviously changes owing to digestion of the tissue. This solution should be con- 
tinuously recirculated. The perfusion buffers should be continuously gassed with 
oxygen, carbon dioxide (95%, 5% v/v), and the pH of each buffer monitored (see 
Note 2). Adjustments should be made to keep the pH constant as required. Per- 
fusion of the liver acidifies the buffers which will be observed by a change in the 
color of the phenol red indicator. 

5. Following digestion, the liver sample should be removed carefully into ice-cold 
dispersal buffer containing DNase I (4 mg/100 mL) (47). DNase helps prevent cell 
clumping by acting on nucleic acids released by damaged cells during the isolation 
procedure. Care should be taken not to rupture the capsule of the perfused sample 
during transfer to the dispersal buffer. Once in the buffer, the capsule surrounding 
the liver should be ruptured with forceps and the hepatocytes gently combed from 
the tissue mass. The cell suspension should be filtered through prewetted boulting 
cloth, and the filtrate gassed with oxygen and carbon dioxide (95% : 5% v/v). The 
cell suspension should be centrifuged at 50 g and 4°C for 2 min. Round-bottom 
tubes (20 mL; Nunc, Gibco Ltd.) rather than conical shaped tubes should be used 
to minimize cell damage. The supernatant containing cell debris and nonviable 
cells should be removed by aspiration and the cell pellet resuspended in dispersal 
buffer containing DNase I by gentle swirling of the tube. The centrifugation pro- 
cedure should be repeated. The third and final wash of the hepatocyte preparation 
should be repeated in the absence of DNase I. After centrifugation, resuspend the 
viable hepatocyte preparation in pregassed WME (30-100 mL) without phenol red 
and albumin, but containing L-glutamine and maintain at 4°C. 

6. Plasma membrane integrity and hepatocyte number should be determined using 
trypan blue exclusion (1,18,48,49) in the absence of supplemented protein (see 
Note 5). Ensure that no albumin is present at this stage. An aliquot of trypan 
blue solution (50 \lL) should be mixed with the human hepatocyte suspension 
(250 |lL) and allowed to stand for 2 min at room temperature. The cell suspension 
should then be analyzed using an improved Neubauer counting chamber. The 
sample should be mixed and applied to both grids using a Pasteur pipet. With the 
cover slip in the correct position, the chamber has a depth of 0. 1 mm. The cells 
should be counted in the central grid in the squares surrounded by triple lines. The 
area of this grid is 1 mm 2 and the volume is therefore 0. 1 mL. The number of 
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cells in 1 mL is therefore the number of cells counted in the grid x 10 4 . Cells 
will always be found overlapping the outer lines of the grids and the usual prac- 
tice is to include the top and left-hand lines in the count and ignore those cells 
over lapping the bottom and right-hand lines. Any dilution used (e.g., the addition 
of trypan blue) needs to be taken into account. 

Cellular yields should be in the order of 1 x 10 7 cells/gm tissue. 

Viable cells are recognized by their ability to exclude trypan blue from the 
nucleus (1,48,49). Therefore, cell viability is determined by counting the 
number of stained and unstained cells: 

Number of cells unstained 

% Viability = x 100% 

Total cell number 

All counts should be completed in duplicate. The counting chambers should 
be viewed using a standard laboratory 16 binocular microscope (x400 magni- 
fication). Typically 70-90% of isolated human hepatocytes exclude trypan blue. 

Suspensions of isolated human hepatocytes can be used for short-term exper- 
iments, i.e., up to 4 h. If longer term experiments are needed, the cells require 
culturing. 

7. If viability has been established, only hepatocyte preparations of greater than 
90% should be used for culture. The final cell suspension should be centrifuged 
and the medium aspirated. The isolated hepatocytes should then be resuspended 
in the attachment medium. The final cell suspension should be in the region of 
5 x 10 5 cells/mL. 

8. For cell culture, all cell manipulations should be performed under sterile condi- 
tions in a class II laminar flow cabinet. All liquid handling should be performed 
under sterile conditions using a Pipettus system or similar equipment. 

9. Isolated hepatocytes sediment rapidly on standing, therefore, to achieve a homo- 
geneous cell suspension, the cell mixture should be swirled prior to pipeting. The 
hepatocyte suspension (2 mL) should be dispersed into the wells of the culture 
plates; either commercially precoated or "in house" prepared plates should be 
used. A seeding density of approx 10-15 x 10 4 cells/cm 2 (see Note 7) can be used 
as recommended by a number of workers (8,28,37,41,44,45). Depending on the 
size of culture plate used, the initial hepatocyte suspension can be diluted or 
concentrated to achieve the seeding density. 

10. After plating with hepatocytes, the culture plates should be placed in a C0 2 
incubator at 37°C to allow hepatocytes to attach to the extracellular matrix. The 
incubator should contain a humidified atmosphere of 5% carbon dioxide in air. 
Attachment of human hepatocytes can take up to 16 h (see Note 8). 

1 1 . Culture plates containing hepatocytes should be viewed under the inverted micro- 
scope. Flattening of the hepatocytes should indicate cell attachment. Once hepa- 
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tocyte attachment is complete, the media above the attached monolayer should 
be removed by aspiration using a sterile glass pipet or the Pipettus system. The 
culture plates should be tilted slightly and care must be taken not to damage 
the hepatocyte monolayer. The monolayer should then be covered with serum- 
free incubation media and the plates returned to the C0 2 incubator. If the hepato- 
cyte culture is to be kept longer than 24 h, the media should be replaced every 
24 h. The morphology of the hepatocyte monolayers and the attachment index 
should be inspected and determined using an inverted microscope. 
12. For xenobiotic metabolism or induction studies using cultured hepatocytes, com- 
pounds should be added to the media after cell attachment (see Notes 11 and 12). 
Metabolism experiments are usually of up to 24 h duration. However, induction 
experiments can last significantly longer. On completion of the incubation the 
media should be removed and rapidly frozen. The monolayer should be washed 
with phosphate-buffered saline (PBS). The hepatocyte monolayer can then be dis- 
rupted by either a detergent solution (Triton X-100, 1% solution in PBS) or 
mechanical action. The supernatant containing the disrupted cell contents should 
also be rapidly frozen. 

4. Notes 

The preparation and culture of animal hepatocytes, particularly rat, has been 
extensively evaluated and refined (42). This evaluation and refinement has led 
to the development of standard protocols for the isolation and culture of rat 
hepatocytes (50,51). In contrast, the limited availability of human material for 
the preparation and culture of hepatocytes means that human systems are still 
under evaluation and, as such, the protocols used for the isolation and culture 
of human hepatocytes are diverse (8,9). 

The protocol presented here is just one of many that have been reported for 
human hepatocytes. Different protocols may give different results as observed 
with rat hepatocytes, although these differences have not yet been fully evalu- 
ated for human hepatocytes. Alternative protocols and approaches are reviewed 
in the following sections. 

4.1. Isolation of Human Hepatocytes 

A number of factors are important in ensuring a functional hepatocyte prepa- 
ration with a high yield. 

1 . Perfusion of the tissue by various media is critical in the isolation of high-quality 
hepatocytes. It is essential that the perfused tissue has only one cut surface and 
that the capsule surrounding the tissue is otherwise intact. Careful placement of 
the cannulae is crucial in achieving the optimum perfusion of the tissue sample. 

2. It is important to monitor pH and temperature. The advantage of the bicarbonate 
buffering system reported here is that oxygenation of the perfusate with a mixture 
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of oxygen and carbon dioxide (95% : 5%) is combined with a very high buffering 
capacity. A disadvantage of the system is the formation of microbubbles. It is 
important not to allow bubbles to enter the tissue as this will prohibit the perfusion 
of the tissue. A small drop in temperature of 1-2°C in perfusion temperature can 
prolong the perfusion time and increase the cellular damage caused by the perfu- 
sion. The temperature at the liver should be monitored and maintained at 37°C. 

3. The size of the liver wedge biopsy sample to be perfused should be considered. 
Gomez et al. (31) reported that smaller human liver samples up to 5 g gave better 
yields than samples over 5 g. Furthermore, these workers have indicated that the 
quality of the collagenase used for the perfusion is important. Collagenase with a 
high specific activity provides a better yield of viable hepatocytes. This increase 
in yield was thought to be caused by a reduced perfusion time, which, in turn, 
leads to a reduction in cell destruction. Other workers (26) have shown that hepa- 
tocyte yield and viability can be increased if either hyaluronidase (0.05%) or dis- 
pase (500 U/mL) is added to the hepatocyte dissociation medium. However, for 
the preparation of rat hepatocytes, hyaluronidase is thought to be detrimental (50). 

4. The use of a calcium chelator to remove calcium ions that are essential for junc- 
tional complex desmosome integrity is recommended. Perfusion with EGTA 
brings about cleavage of the junctional complexes. It has been suggested that per- 
fusion without a chelator reduces hepatocyte yield (18). 

5. Trypan blue exclusion or leakage of certain cytoplasmic enzymes are relatively 
quick and simple assays of cell viability. Care must be taken with the trypan blue 
assay because it has been reported that a decrease in media pH can lead to 
increased dye uptake in rat hepatocytes (48), which is reversible. This phenomena 
has not been reported for human hepatocytes. Furthermore, it should be noted 
that staining intensity can vary depending on the batch of trypan blue or media 
components (48,49). Protein binds trypan blue strongly and, thus, there should 
be no protein in the medium when analyzing cell viability by this method, other- 
wise a falsely high value for viability will be obtained. 

6. A review detailing a number of methods for the isolation of hepatocytes has 
recently been completed (1). 

4.2. Culture of Human Hepatocytes 

7. Confluent monolayers have been established with seeding densities of 4-18 x 10 4 
cells/cm 2 (8,26-28,32,37,41,44-46,52). In general, seeding densities should be 
sufficient to allow cell growth and to enable the maintenance of cell-cell 
contacts. Generally, cell densities of 10-15 x 10 4 cells/cm 2 should be sufficient. 

8. The attachment efficiency (number of cells attached/number of cells seeded) 
should be determined and be in the region of 70-80% (31). Attachment periods of 
up to 20 h for human hepatocytes have been reported (46). Human hepatocytes 
prepared from the livers of older donors require increased attachment time (52). 

9. The influence of various matrix components on hepatocytes in culture has been 
widely studied. In the liver, the hepatocyte is surrounded by a matrix that contains 
collagen, laminin, fibronectin, and heparan sulfate proteoglycan (1,18). An ideal 
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cell matrix should contain some of these components, be able to support hepato- 
cyte morphology over long periods, allow formation of the monolayer and inter- 
cellular contacts, protect cells from sheer forces of fluids, and allow free exchange 
of salts within the media. However, in general, these organic matrices do not delay 
the occurrence of phenotypic changes. Moreover, the substrata can enhance alter- 
ation of liver gene expression. 

Hepatocytes in culture have been shown to have the ability to secrete several 
types of collagen and noncollagenous glycoproteins (53,54). The use of plastic 
culture plates coated with an extracellular matrix such as collagen, fibronectin, 
laminin, collagen gels, collagen gels embedded on a nylon mesh, or a laminin-rich 
matrix termed Matrigel® has been shown to improve the efficiency of hepatocyte 
attachment, increasing the duration of functional activity and the morphology of 
the cells in culture. The use of attachment factors in animal hepatocyte culture is 
extensively reviewed by Berry et al. (18), Guillouzo et al. (30), Skett (59), and in 
human hepatocytes by Hamilton (41), Lecluse (7,8), and Silva (9). Human hepa- 
tocytes in culture have been reported to attach well to extra cellular matrices such 
as uncoated plastic (55-57), soluble rat tail or calf skin collagen type I (26,45,46), 
fibronectin (31,55), collagen gel immobilized hepatocytes (8,9,41,58), and 
Matrigel (8,9,41). 
10. The effects of various hepatocyte culture media and supplements on the mainte- 
nance of hepatocyte function have been the subject of a number of reviews 
(18,30,40,59). Many different media have been used and little work has been pub- 
lished comparing media effects on animal hepatocytes. In one recent study, for 
example, Skett and Roberts (60) showed that WME was the best of the commer- 
cially available media for rat hepatocytes, but that Chee's medium offered advan- 
tages. However, other authors (7-9,41) find little difference in the experimental 
effects of culture medium for human hepatocytes in short-term culture (1-2 wk). 
As with matrices, the systems employed for human hepatocyte culture are very 
diverse and tend to be extensions of conditions used for the culture of animal 
hepatocytes. Media that have been used for human hepatocyte culture include 
Weymouth's 752, minimal essential media mixed with media 199 (75% 25% v/v), 
Ham's F12, Leibovitz L-15, WME, and ISOMs. 

Once the basic media has been selected, a number of media supplements can 
be added. These supplements range from natural compounds including hormones, 
minerals, and vitamins to nonphysiological factors such as dimethyl sulfoxide 
(DMSO). 

a. Serum — composition unknown but contains proteins, growth factors. 

b. Hormones — insulin, glucagon, glucocorticoids, thyroxine, sex steroids. 

c. Growth supplements — selenium, zinc, EGF, HGF. 

d. Nonphysiological factors — DMSO, ammonium chloride, metyrapone 

The role of each of these supplements is, at best, unclear, even for the well-eval- 
uated rat hepatocyte culture (59). However, a number of workers have established 
long-term human hepatocyte cultures by the use of a number of different medium 
additives (32-34). 
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1 1 . Studies of the functionality of human hepatocytes in culture are also limited when 
compared to data on animal hepatocytes (28,31,53). However, workers have 
shown that gluconeogenesis and glycolysis could be stimulated in human hepato- 
cytes by physiological concentrations of glucagon and insulin. The gluconeogenic 
rate in human hepatocytes was similar to that estimated for the fasted human liver, 
whereas basal glycolysis is higher in cultured human hepatocytes than in vivo. 

Urea synthesis from ammonia has been used as an indicator of mitochondrial 
function. Under basal conditions human hepatocytes produce 2-4 nmoles urea/mg 
cell protein/minute. Hepatocytes can be stimulated to produce significantly more 
urea, up to 11 nmoles/min/mg. The maximal rate of ureagenesis decreased by 
50% after one day in culture but was then stable for several days thereafter (31). 

Protein production by human hepatocytes has been used as a measure of cell 
function (1,37,61,62). Human, hepatocytes in culture have been shown to secrete 
albumin, oc-antitrypsin, oc-antichymotrypsin, oc-acid glycoprotein, serum amyloid A, 
fibronectin, hepatoglobulin, and oc 2 -macroglobulin. The ability of cultured human 
hepatocytes to secrete albumin has been used by many workers as a measure of 
culture viability (5,32-34). However, a number of other methods have also been 
reported including measurement of ATP content (23) and LDH leakage (1). 

12. A primary objective of human hepatocyte cultures is to provide models to study 
the potential disposition of xenobiotics prior to administration to humans. The 
cytochromes P450 (CYP450) present in cultured human hepatocytes are thought 
to be more stable than those in rat hepatocytes (13,28,63). Studies have shown that 
CYP450 may be maintained for a number of days in primary culture (8,9,13). In 
addition, human hepatocytes cocultured with nonparenchymal cells maintain a 
relatively stable cytochrome P450 content for longer periods of time (28,37,61, 
64-67). Cytokines produced during inflammation or infection have been shown 
to affect the expression of the major human CYP450 enzymes in hepatocyte cul- 
tures. The interleukins -IB, -4, -6, tumor necrosis factor-a, and interferon-a and -y 
in addition to nitric oxide have been shown to downregulate specific isozymes 
of CYP450 in human hepatocyte cultures (3,68,69). The observed in vitro effects 
of cytokines on drug-metabolizing enzymes may be important clinically with 
respect to chronic hepatitis patients who receive high doses of interferon as well 
as antiviral compounds. 

Investigations and evaluation of the drug-metabolizing activities present in 
human hepatocyte cultures has demonstrated that these cells in culture appear to 
be a good model for predicting drug metabolism in vivo (10-14,45,46,70). Human 
hepatocyte cultures provide an opportunity to study both the routes and rates of 
metabolism of new drugs and are a key in vitro model to improve the drug devel- 
opment process (7,8,10-12,14-16,70). Several workers have shown that the meta- 
bolic routes and rates of a number of drugs in human hepatocyte cultures are 
similar to those observed in vivo (10,12-14,45,46,74,75). Furthermore, human 
hepatocyte cultures have also been used to help identify species differences in the 
metabolism of a number of drugs (45,46,71-75). 
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Hepatocyte cultures have been used extensively to study CYP450 expression 
and regulation. The CYP450 can be induced by certain compounds in human 
hepatocyte cultures. Incubation of human hepatocyte cultures in the presence of 
either phenobarbital (1.5-32 mM), rifampacin (50 \lM), 3-mefhylcholanthrene 
(25-50 \lM), benzanthracene (12.5 \lM), and ethanol (200 mM) induce both the 
mRNA and protein of specific cytochrome CYP450 isozymes (4-9,32,37). Fur- 
thermore, the human hepatocyte culture system has been used successfully to 
examine the potential of therapeutic agents such omeprazole, lansoprazole, and 
pantoprazole to induce cytochromes P450 in vitro (6,76,77). Whether the induc- 
tion observed in closed in vitro systems can be extrapolated to humans is a key 
question currently under investigation. However, the contribution of pharmacoki- 
netics to the in vivo disposition of compounds shown to affect the regulation of 
enzymes in vitro should be carefully considered. 

The human hepatocyte culture has also been used to model a number of 
drug-drug interactions resulting from changes in the metabolism compounds 
caused by either induction or inhibition of the enzymes responsible for their 
metabolism (16,78-80). 

The main focus of many researchers has been the cytochrome CYP450 drug- 
metabolizing enzymes. However, the conjugating enzymes have also been shown 
to be altered in human hepatocyte culture. UDP glucuronyltransferase increased 
during culture whereas sulfotransferase activity decreased. Glutathione content 
remained relatively stable (32,81). Again, the phase II enzyme content of the cells 
is affected by medium composition and other culture conditions. 

In addition to metabolism studies human hepatocytes in culture have been eval- 
uated as screens for hepatotoxicity (16,61,62) or to elucidate mechanisms of tox- 
icity (52,82). 

4.3. The Cryopreservation of Human Hepatocytes 

13. Owing to the infrequent supply of human material, methods of cryopreserving 
hepatocytes prior to culture have been developed. Numerous researchers have 
published results showing that cryopreserved hepatocytes retain their metabolic 
capabilities (83-86). Human hepatocytes have been cryopreserved in mixtures of 
buffers containing a cryoprotectant. DMSO generally appears to be the cryopro- 
tectant of choice. Hepatocytes are then frozen in a controlled manner and then ide- 
ally stored at <-150°C. At present, cyropreserved human hepatocytes tend to have 
poor attachment rates (approx 50%) in culture (86). 

4.4. Immortalized Cell Lines 

14. In the absence of freshly isolated or cryopreserved native hepatocytes, immortal- 
ized hepatic cell lines such as the human-derived hepatoma cell line HEP G2 have 
also been utilized. These cell types have been shown to express both phase I and 
II drug-metabolizing activity albeit lower than that expressed in normal liver cells 
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(87). Cell lines have also been used with some success for the study of drug 
metabolism, induction, or cytotoxicity (88-90). 
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Glomerular Epithelial and Mesangial 
Cell Culture and Characterization 

Heather M. Wilson and Keith N. Stewart 

1. Introduction 

The advent of in vitro culture techniques has enabled the culture of homo- 
geneous populations of glomerular mesangial and epithelial cells to aid our 
understanding of the development of glomerular disease at the cellular level. 
Advances in our knowledge of the pathogenic mechanisms have made it clear 
that the response of intrinsic glomerular cells to external stimuli plays an 
important role in glomerular injury (1,2). Glomerular cells from several mam- 
malian species have been isolated and propagated, and, in some instances, cell 
lines have been generated by viral or nonviral oncogenic transformation (3-5). 

The renal glomerulus is a complex anatomical structure that contains many 
different cell types, including visceral and parietal epithelial cells, mesangial 
cells, and endothelial cells. These cells have long been recognized as distinct 
entities, because they occupy defined anatomical locations in vivo and have 
distinguishable morphological and cytochemical features. This compartmental- 
ization is, however, lost in culture, as are several of the anatomical character- 
istics such as endothelial fenestrations and epithelial pedicels (6,7); in addition, 
cultured cells may undergo dedifferentiation. Despite these limitations, the 
study of glomerular cells in culture has proven useful, and valuable information 
has been obtained about their physiology and pathophysiology. Human 
glomeruli are usually obtained from the normal pole of kidneys surgically 
removed from patients with renal carcinoma or from donor kidneys that cannot 
be used for transplantation for technical reasons. Glomeruli are isolated using 
sieves such that they can be rendered virtually free of tubule contamination 
(7,8). Thereafter, glomeruli can be seeded into culture flasks, and after a week, 
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cells can be seen growing out of the glomerular core (5). Alternatively, 
glomeruli can be dissociated by incubation with an enzyme, such as collage- 
nase before culture (9). 

The first cells to emerge from explanted glomeruli are epithelial cells, which 
have a distinctive "cobblestone" appearance (9) and, for the first 7-10 d of out- 
growth are the most common cell type in the mixed population of glomerular 
cells. If Bowman's capsule is not stripped from the glomeruli, parietal epithe- 
lial cells are the dominant cell type (10); endothelial cells and mesangial cells 
are present at this stage. Mesangial cells become more evident later in culture 
and have a stellate appearance. They grow vigorously, in multilayers, whereas 
epithelial cells grow in a monolayer and are subject to contact inhibition. 
Mesangial cells, therefore, outgrow the epithelial cells, and after 30 d of 
growth, the cultures are nearly pure glomerular mesangial cells (11). The dif- 
ference in growth potential of primary cells in culture can be explained by the 
"Mosaic Theory" (12), which states that separate populations of cells can be 
obtained from a mixed population of cells based on their different growth rates 
or culture requirements. 

For most experimental purposes, a homogeneous population of cells is 
required. It is, therefore, important to assess the purity of the isolated cells, 
because even a small population of contaminating cells can affect the experi- 
mental results. Homogeneity of cells can be improved by using cloning rings 
and repeated cloning but the yield of cells is less and they do dedifferentiate 
with passage number. 

It is now clear that morphology alone is not sufficiently discriminating to 
assess cell purity or ensure that a homogeneous population of cells has been 
isolated (13). Antibodies to specific cell-surface and cytoskeletal markers need 
to be used to confirm both cell identity and purity. Table 1 shows the main 
markers used to differentiate between the glomerular cell types present in cul- 
ture (5,11,14-17). 

The outlined methods are routinely used in our laboratory to obtain and 
characterize pure populations of glomerular epithelial and mesangial cells (see 
Note 1). 

2. Materials 

1. Wash medium: RPMI-1640 Dutch modification supplemented with 2 mM 
L-glutamine, 100 U/mL penicillin, 100 |J.g/mL streptomycin, and 2.5 U.g/mL 
amphotericin B (all reagents from Gibco Invitrogen Inc., Paisley, Scotland). Store 
at 4°C for up to 1 mo. 

2. Culture medium: RPMI-1640 Dutch modification or MEM-D-valine (Gibco Invit- 
rogen Inc.) supplemented as in step 1 with the addition of 10% fetal calf serum 
(FCS) (Gibco Invitrogen Inc.) and insulin-transferrin-sodium selenite (ITS) 
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Table 1 

Main Cell Markers That Can be Used to Differentiate 

Between Glomerular Cell Types In Vitro 
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Visceral 


Parietal 








Epithelial 


Epithelial 


Mesangial 


Endothelial 


Antibody to 


Cells 


Cells 


Cells 


Cells 


GLEPP1" 


+ 


— 


_ 


_ 


Vimentin* 


+ 


- 


+ 


- 


CALLA C 


+ 


+ 


- 


- 


Cytokeratin 18* 


- 


+ 


- 


- 


Cytokeratin 19* 


- 


+ 


- 


- 


oc-SMA'' 


- 


- 


+ 


- 


Myosin (smooth) 


- 


- 


+ 


- 


VLA-1 integrin 


- 


- 


+ 


- 


von Willebrand 










(factor VIII antigen) 


- 


- 


- 


+ 


HLA-DR 


- 


- 


- 


+ 



+ = positive ; - = negative. 

"GLEPP1, Glomerular Epithelial protein 1. 

'GVEC and GPEC can dedifferentiate in culture and are not always distinguished specifi- 
cally by vimentin and cytokeratin; cytokeratin can be expressed by both GVEC and GPEC in 
culture. 

'cALLA, common acute lymphoblastic leukemia antigen. 

''oc-SMA, Smooth muscle actin. 



medium supplement (Sigma- Aldrich, Poole, Dorset, U.K., 1-1884). Reconstitute 
1 vial of ITS in 50 mL sterile distilled water, and add 1 mL of this stock to 100 mL 
of medium to give a final concentration of 5 |0.g/mL insulin, 5 |0.g/mL transferrin, 
and 5 ng/mL sodium selenite. Store the stock solution of ITS at 4°C and protect 
from light. 

Fibronectin (Sigma-Aldrich F-2006): reconstitute to 1 mg/mL in sterile distilled 
water, and dilute to 10 |0.g/mL in RPMI-1640 wash medium. Store at -20°C in 
aliquots. Coat flasks at a concentration of 5 |0.g/cm 2 , and leave solution to bind for 
at least 30 min. Decant excess fibronectin solution. 

Type I collagen (tissue-culture grade, Sigma-Aldrich C-7661): reconstitute to 
1 mg/mL in 0.1 M acetic acid, leave for 1-3 h until it is dissolved. Transfer this to 
a glass bottle with chloroform at the bottom. Do not shake or stir the collagen after 
this point. Store in the dark at 4°C. Coat the flasks at a concentration of 10 |0.g/cm 2 , 
and leave to bind for 4 h at 37°C or overnight at 4°C. Expose the coated flask to 
UV radiation if you suspect the solution is not sterile; do not filter sterilize. 
Phosphate-buffered saline (PBS): 1.5 mM (0.2 g/L) KH 2 P0 4 , 8.1 mM (1.15 g/L) 
Na 2 HP0 4 , 2.7 mM (0.2 g/L) KC1, 140 mM (8.0 g/L) NaCl. Filter sterilize through 
a 0.22-|0.m filter before use. Store at room temperature. 
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6. Trypsin/EDTA 10X (Sigma T-4174): Dilute trypsin/EDTA 1 : 10 with sterile PBS, 
and store in aliquots at -20°C. 

7. Tris-buffered saline (TBS): 0.05 M Tris-HCl, pH 7.3, containing 0.15 M NaCl. 
Store at room temperature. 

8. Veronal acetate buffer: Dissolve 1.47 g sodium barbitone and 0.97 g sodium 
acetate (trihydrate) in 200 mL water, pH to 9.2, using 0.1 M HC1, and make up to 
250 mL with water. Store at 4°C for no longer than 1 mo. 

9. Scot's tap water substitute: Dissolve 2 g of sodium bicarbonate and 20 g of mag- 
nesium sulfate in 1 L of distilled water, and store at room temperature. 

10. Stainless-steel sieves of mesh size 250, 200, 150, 106, and 63 |im (Endecotts Ltd., 
London, U.K.). A diameter size of 7.5 cm or greater is best for processing large 
amounts of tissue. 

11. Lux chamber slides (eight-well Permanox) from Gibco-Invitrogen Inc. 

12. Rabbit anti-mouse Ig binding antibody (Dako Z0259, Ely, Cambridgeshire, U.K.). 
Dilute 1/20 in 1% BSA/TBS immediately before use. 

13. Alkaline phosphatase anti-alkaline phosphatase (APAAP) complexes (Dako 
D0651). Dilute 1/40 immediately before use. 

14. Substrate solution: Dissolve 25 mg naphthol-AS-MX-phosphate disodium salt 
(Sigma- Aldrich N-5000), 12 mg of levamisole (Sigma- Aldrich L-9756), and 
25 mg of fast red TR salt (Sigma-Aldrich F-2768) in 50 mL of veronal acetate 
buffer, and filter through Whatman no. 1 filter paper. Prepare freshly as required. 

15. Mayer's hematoxylin (Sigma-Aldrich). 

16. Apathy's aqueous mounting medium (BDH Laboratory Supplies, Poole, Dorset, 
U.K.). 

3. Methods 

3.1. Isolation of Whole Glomeruli 

Human glomeruli are most often isolated from the nonaffected pole of 
nephrectomy specimens from patients with renal cell carcinoma {see Notes 2 
and 3). Aseptic conditions in a laminar flow hood should be adopted throughout. 

1. Place the tissue in a sterile Petri dish, and cover it with RPMI-1640 wash medium; 
no FCS should be used during the isolation procedure, because it may initiate 
clotting owing to blood products present in the tissue. Using a scalpel, remove sur- 
rounding capsule and any fat. 

2. Cut the cortex away from the medulla, and chop the cortex into 1-2 mm 2 pieces. 
Press this through a sieve of mesh size 250 |im, into a Petri dish, using the barrel 
from a 5-mL syringe {see Note 4). This results in the separation of glomeruli 
from renal tubules, interstitium, and vasculature. Wash the retained tissue with a 
generous amount (50-100 mL) of RPMI-1640 wash medium. Collect the 
glomerular filtrate from the Petri dish into sterile containers on ice. 

3. Separate the glomeruli from the tubular fragments by passing it through a 150-|im 
sieve. This also strips the Bowman's capsule from most of the glomeruli {see 
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Note 5). A further 50 mL of RPMI wash medium are used to rinse the tissue 
retained on the sieve. Collect the filtrate into sterile containers. 

4. Pass the filtrate through a 106-um sieve, which retains the glomeruli. Because 
there is a substantial volume of filtrate, it is advantageous to hold the sieve above 
a beaker to allow the filtrate to pass through quickly. Pour the filtrate through the 
sieve into a funnel inserted in the beaker to prevent any "splashback" that may 
occur. Rinse the retained glomeruli with approx 50 mL RPMI- 1640 wash medium 
to eliminate any tubular fragments that may still be present. 

5. Collect the glomeruli retained on the 106-|im sieve by inverting the sieve over a 
Petri dish and washing with RPMI culture medium. Transfer the glomeruli at a 
concentration of approx 15-20 glomeruli/mL to a fibronectin-coated culture flask 
(see Fig. 1A and Note 6). 

6. Culture the glomeruli at 37°C in a 5% CO, incubator. 

3.2. Isolation of Glomerular Epithelial Cells 

There are two types of epithelial cells within the glomerulus, namely, the vis- 
ceral epithelial cells (GVEC) and the parietal epithelial cells (GPEC). GVEC, 
also known as podocytes, are located on the outer side of the glomerular base- 
ment membrane and are crucial in the urine filtration process where GPEC form 
the parietal sheet of Bowman's capsule. It is difficult to differentiate between 
GVEC and GPEC in culture as phenotypic changes take place. In glomeruli in 
vivo, GPEC rapidly proliferate and form crescents in proliferative nephritis (18), 
whereas GVEC rarely undergo cell division. Cytokeratin is present only in the 
GPEC, whereas vimentin is restricted to GVEC (19). These characteristics are 
lost in culture and it has been suggested that the GPEC phenotype is adopted 
(20). When epithelial cells are derived from decapsulated glomeruli they are 
likely to represent GVEC whereas GPEC grow at the periphery of glomeruli 
that have Bowman's capsule present. However, it is unlikely to achieve pure 
cultures of a specific epithelial cell type without the use of cloning rings. 

1. Isolate and culture the glomeruli as described in Subheading 3.1. Once the 
glomeruli have adhered to the flask, change the medium (RPMI- 1640 culture 
medium) every 4-5 d (see Note 5). 

2. Epithelial cells can be seen growing out of the glomeruli around 7-10 d. This 
time may vary and generally it takes longer to see cellular outgrowth in glomeruli 
prepared from kidneys from older patients (see Note 7). 

3. Once sufficient epithelial cells are identified (these have a polygonal, cobble-stone 
appearance) (see Fig. IB), pour off the unbound glomeruli and rinse the bound 
glomeruli/cells in PBS. Trypsinize the cells/glomeruli off the flask (see Sub- 
heading 3.4.) and pass them through a 63-um sieve. Collect the epithelial cells in 
the filtrate; glomeruli are retained on the sieve. Rinse the sieve several times with 
a volume of around 10 mL RPMI culture medium to stop the action of trypsin and 
ensure maximum epithelial cell recovery. 
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Fig. 1. Glomerular cell culture. (A) Decapsulated glomerulus at d 0. (B) Cellular 
growth at d 7; polygonal cells characteristic of epithelial cells. 



Pellet the cells that have passed through the sieve by centrifugation at 200g for 
5 min, and then resuspend in RPMI culture medium. Plate the cells into tissue 
culture flasks which have been coated with type I collagen at a concentration of 
10 |J.g/cm 2 (see Subheading 2.1. and Note 8). 

After approx 1 wk when the epithelial cells have reached confluence (see Note 9), 
passage using trypsin/EDTA (see Subheading 3.4.). Plate the trypsinized cells 
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Fig. 1. (continued) (C) Stellate-shaped cells growing in multilayers characteristic 
of contractile mesangial cells at d 14; a few epithelial cells are still present. (D) Mesan- 
gial cell outgrowth at d 28; no epithelial cells are evident. 



onto plastic tissue-culture grade dishes or flasks without type I collagen at this 
point. At confluence, the cells will be homogeneous and display a cobblestone 
appearance (see Fig. 2). 
6. Characterize the cells before use (see Subheading 3.5.) 
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Fig. 2. Epithelial cell preparation grown on type I collagen. At confluence, epithe- 
lial cells display a cobblestone-like appearance. 



3.3. Glomerular Mesangial Cell Culture 

1. Glomeruli are isolated and cultured as described in Subheading 3.2. Once the 
glomeruli have adhered to the flask, the medium should be changed every 4-5 d. 

2. The first cells to grow out of the glomerular core are epithelial cells (see 
Fig. IB). After a further 2 wk in culture, a mixed population of glomerular cell 
types is observed (see Fig. 1C). Continue cultures for 2-3 wk to allow the mesan- 
gial cells to overgrow the glomerular epithelial cells (see Fig. ID). From wk 3 
onward, grow the cells in MEM-D-valine culture medium to inhibit any fibroblast 
growth (see Note 10) (22). 

3. Once the cells have grown to confluence, split them 1 : 1 using trypsin/EDTA (see 
Subheading 3.4.), and continue to culture in uncoated tissue-culture grade flasks. 

4. Cells should be used between passages 3 and 7 (see Notes 7 and 11) after being 
fully characterized. 

3.4. Trypsinization of Adherent Cells 

To remove the epithelial or mesangial cells from tissue-culture flasks: 

1. Pour the medium off the cells, and wash out the flask with sterile PBS. 

2. Pour off the PBS, add 5 mL of 1% trypsin/EDTA solution, and then incubate the 
flask at 37°C for 4-7 min. 

3. Tap the flask lightly on the bench to loosen the cells before adding fresh medium. 
Split the cell suspension into two flasks to continue the culture, or centrifuge and 
count the cells before using for experiments (see Note 12). 
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3.5. Validation of Glomerular Cell Cultures 

3.5. 1. Cell Morphology 

Cell morphology should be assessed throughout the culture period using an 
inverted microscope with phase-contrast illumination. Cell morphology at dif- 
ferent stages of glomerular culture is shown in Fig. 1. 

1. Epithelial cells: Epithelial cells are homogeneous in appearance (9), polygonal, 
and form cobblestone-like monolayers (see Fig. 2). They are closely packed and 
adhere tightly to each other at the edge of the growing monolayer. Epithelial cells 
are subject to contact inhibition (see Note 9) and are sensitive to puromycin amino 
nucleotide. 

2. Mesangial cells: Mesangial cells are elongated and stellate-shaped, and are not 
subject to contact inhibition (see Fig. ID). They grow in multilayers to form char- 
acteristic hills and valleys (5,23). 

3.5.2. Alkaline Phosphatase Antialkaline Phosphatase (APAAP) 
Immunohistochemistry Technique 

The morphological assessment of cell cultures should be confirmed by 
immunohistochemistry using currently available monoclonal antibodies (MAbs) 
(see Table 1). The APAAP immunohistochemical technique is a very sensitive 
method (24) and is particularly useful when using MAbs. In this technique, 
soluble complexes of alkaline phosphatase and mouse monoclonal anti-alka- 
line phosphatase are used to amplify the primary antibody-antigen interaction 
via a bridging antibody (rabbit anti-mouse) that links the primary antibody 
(mouse) to the APAAP complex. An intense immunohistochemical staining 
with low nonspecific backgrounds can be obtained. The enzyme conjugate is 
detected using a naphthol-phosphatase derivative as substrate, and the naph- 
thol compound produced is visualized by forming a diazonium salt with Fast 
red to give a colored product. Levamisole is included in the substrate to inac- 
tivate the endogenous phosphatase activity of cells. 

1. The cells to be tested should be passaged, and 0.4 mL of cells at 1 x 10 6 /mL 
seeded onto eight-well Permanox Lux chamber slides (Gibco-Invitrogen) and 
incubated overnight in a C0 2 incubator. 

2. Remove the slides from the incubator, and without removing the upper chamber 
structure, aspirate tissue-culture supernatant. Gently wash the cells twice with 0.8 
mL of TBS/well. Discard the final rinse of TBS, and allow the slides to air-dry for 
20 min or overnight at room temperature. 

3. Fix the slides by adding 0.3 mL of acetone at 4°C and incubating slides on ice for 
10 min. (Note: Do not use more than 0.3 mL of acetone, because this dissolves the 
upper structure of the eight-well chamber.) 

4. Remove the acetone and allow the slides to air-dry at room temperature for 
10-15 min. 
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Table 2 

Source and Working Dilutions of Antibodies Used 

to Characterize Glomerular Cell Cultures 

MAbs Clone / source" / product code Dilution 

Glomerular epithelial protein-1 5C1 1/ Biogenex / 336M 1/100 

Vimentin LN-6/ Sigma / V2258 1/200 

Common ALL Antigen (CD 10) SS2/36/ Dako / M727 1/50 

Cytokeratin 18 CY-90/ Sigma / C8541 1/500 

Cytokeratin 19 A53-BA2/ Sigma / C6930 1/50 

a-Smooth muscle actin 1A4/ Sigma /A2427 1/200 

Myosin (smooth) hSM-V/ Sigma / M7786 1/500 

VLA-1 integrin TS2/7/ Serotec / MCA1133 1/50 

von Willebrand (factor VIII antigen) F8/86/ Dako / M0616 1/50 

HLA-DR LN-3/ Novacastra / NCL-LN3 1/50 

"Locations of companies: Biogenex (San Ramon CA); Dako (Ely Cambridgeshire, U.K.); 
Sigma-Aldrich (Poole, Dorset, U.K.); Serotec (Kiddington, U.K.); and Novacastra Laboratories 
(Newcastle upon Tyne, U.K.). 



5. Prepare the antibodies at this stage, diluting them to the optimal concentration in 
1% BSA/TBS (w/v) (see Table 2). 

6. Rehydrate the slides by adding 0.8 mL of TBS to each well (two washes of 
5 min). Ensure that the slide does not dry out at any stage after this point. 

7. Remove the TBS from the wells, and add 200 |iL of the primary MAb diluted to 
its optimal concentration in 1% BSA/TBS. Incubate the slides for 1 h at room 
temperature. 

8. Discard the antibody, and wash the slides three times for 2 min in TBS. 

9. To each well, add 200 |0.L rabbit anti-mouse immunoglobulin bridging anti- 
body (Dako Z0259) diluted 1/20 in 1% BSA/TBS. Incubate for 30 min at room 
temperature. 

10. Wash as in step 8. 

11. Add 200 uL of mouse APAAP complexes (Dako D0651) at a 1/40 dilution, and 
incubate for a further 30 min at room temperature. 

12. Wash the cells in TBS, three times for 2 min each, followed by a rinse in distilled 
water. 

13. Prepare the substrate solution as described in Subheading 2., item 14. To each 
well of the Permanox Lux slide, add 0.5 mL of the substrate solution. 

14. Incubate the slides at room temperature for 10-15 min. During this time, a red 
color develops if the cells are positive for that marker. 

15. Rinse in distilled water. 

16. Rinse in tap water and remove the upper chamber structure from the slides accord- 
ing to the manufacturer's instructions. 
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17. Stain the cells lightly in Mayer's hematoxylin for approx 10 s, and blue the nuclei 
in Scot's tap water substitute. 

18. Wash the slides well in running tap water. 

19. Mount the slides in Apathy's aqueous mounting medium. 

20. Assess slides for positivity (red) by microscopy, and score on a scale of negative 
(-) to +++. It is also important to assess the percentage of cells positive for each 
marker to determine the purity of the epithelial or mesangial cell cultures. 

4. Notes 

1 . It should be noted that the methods described are for isolation of human cells, and 
sieve sizes and culture conditions should be modified should rat cells (or other 
mammalian cells) be required (4,21,25-27). 

2. All work undertaken with human tissue must adhere to local Ethical Committee 
guidelines for confidentiality and consent. 

3. Appropriate precautions should be used when handling human tissue, e.g., sterile, 
disposable gloves should be worn at all times; it is recommended that those 
engaged in cell isolation procedures should be immunized against hepatitis B. 

4. It has been suggested that for rodent kidneys (27) the number of viable GVECs is 
increased if mechanical pressing of kidney tissue through the top sieve is avoided 
and replaced by simply cutting the kidney into small pieces followed by washing 
through the sieves with medium. 

5. If parietal epithelial cells are required, a 200-|J.m sieve should be used in place of 
the 150-|J.m sieve at Subheading 3.1., step 3 as Bowman's capsule is retained 
but tubular contamination is minimized. 

6. Two techniques can be used to initiate glomerular cell culture. In addition to the 
methods described in this chapter, glomeruli can be dissociated by incubation 
with collagenase type I (Sigma-Aldrich C-0130) at a concentration of 1 mg/mL 
for 20 min at 37°C. After agitation with a Pasteur pipet, glomeruli remnants can 
be separated from single cells by passing them through a 63-|im sieve. Glomeru- 
lar fragments and single cells are plated separately for the culture of mesangial 
and epithelial cells, respectively. Although this improves the plating efficiency of 
glomeruli, great care must be taken not to "overdigest" the glomeruli, because 
this may damage epithelial cells. 

7. The age of the patient and functional capacity of the tissue will determine how 
quickly (a) the cells establish themselves in culture (cells from a young, healthy 
kidney will grow more rapidly) and (b) the number of passages the cells can 
undergo before reaching senescence. 

8. The composition of the extracellular matrix may exert major effects on the phe- 
notypic properties of cells. Attention must be given to the modulatory influences 
of the matrix on each cell type. Although fibronectin and collagen greatly improve 
the initial adherence of mesangial and epithelial cells, they can, if necessary, be 
cultured in the absence of such matrices. Commercially coated type I collagen 
tissue culture plates (Stratech Scientific Ltd., Luton, U.K.) are now available and 
can be used for culturing epithelial cells at the early stages. 
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9. Epithelial cells are subject to contact inhibition and should be passaged as soon as 
they reach confluence to reduce cell death. Ideally, cells should be used at, or 
before, passage three, because their proliferative activity decreases suddenly 
around this time. Epithelial cells can sometimes adopt a spindle-like structure 
after passage; this is usually owing to dedifferentiation, and their use for experi- 
mentation should be considered carefully. 

10. One easy and reliable way to check the cultures for fibroblast contamination is by 
growing cells in medium containing D-valine substituted for L-valine, a condition 
in which fibroblasts cannot grow. Fibroblasts do not contain the enzyme (D-amino 
acid oxidase) necessary to convert the D-amino acid to its essential L-form (22). 

11. Phenotypic changes may occur in cultured mesangial cells after about 10 pas- 
sages with the loss of angiotensin II receptors. The morphology of the cells may 
change from stellate-shaped cells to large, flat cells with the development of stress 
fibers. In addition, cells at high passage number will no longer contract isotoni- 
cally to vasoactive hormones (28). 

12. If mesangial or epithelial cell matrix proteins are required, the cells should first be 
dislodged in 1% EDTA/PBS (w/v). The matrix should then be removed in a 
volume of detergent (e.g., 0.5% SDS) with vigorous scraping using the barrel of 
a 1-mL syringe. 
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Isolation and Culture of Human Renal Cortical Cells 
with Characteristics of Proximal Tubules 

Gabrielle M. Hawksworth 

1. Introduction 

The kidney is an extremely heterogeneous organ from a morphological and 
a functional point of view. In spite of this heterogeneity, several methods have 
been described in an attempt to isolate and culture homogeneous populations of 
renal epithelial cells, seeking to maintain normal differentiated characteristics 
of the nephron segment of origin. 

Several techniques have been used to isolate and culture human proximal 
tubular cells (PTC). Detrisac et al. first devised a simple method of culturing 
human renal epithelial cells from cortical tissue explants resulting in cells that 
retain the characteristics of PTC after several passages (1). Other methods used 
involved the enzymatic digestion of the cortical tissue with collagenase (2-5), 
removal of contaminating glomeruli and larger fragments by filtration, further 
purification of the cells by isopycnic centrifugation using Nycodenz (6) or Per- 
coll (7), or the more sophisticated technique of microdissection without colla- 
genase (8) or after proteolytic digestion of the tissue (9-11). 

The method presented here is a modification of that of McLaren et al. (7). It 
is based on enzymatic digestion using a two-step collagenase digestion fol- 
lowed by mechanical disruption of the tissue, further purification by filtration 
through a 75-jJ.m sieve, and sedimentation of the cells and fragments obtained 
in a continuous density gradient formed with Percoll. This technique allows 
for the separation of a cellular fraction that is highly enriched in proximal tubu- 
lar cells and fragments. This method produces a far higher yield than microdis- 
section, and because the cells are purified, primary cultures can be grown in the 
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presence of serum without fibroblast overgrowth being a significant problem. 
Isolating cells by this method typically produces a yield of 6-12 x 10 6 PTC/g 
of cortical tissue with relatively high viability (between 70 and 90%). 

Cultures initiated from this fraction can be maintained for several passages, 
expressing functional characteristics of proximal tubules, such as the forma- 
tion of polarized monolayers and domes, parathyroid hormone responsiveness, 
and expression of brush border enzymes (y-glutamyl transpeptidase, alkaline 
phosphatase), and do not show characteristics of other renal cells, such as 
responsiveness toward calcitonin and vasopressin. The brush border is sparse 
compared to freshly isolated cells and expression of brush border enzymes is 
higher in primary cultures than in subsequent passages. 

Cells cultured in this manner can be used for a wide range of purposes (bio- 
chemical, physiological, or toxicological studies) where human PTC are 
required, thus, eliminating the need for extrapolation from animal cell cultures 
or cell lines of uncertain origin (12,13). 

2. Materials (see Note 1) 

1. Balanced salt solution (BSS): Prepare 1 L containing 5.37 mM KC1, 0.44 mM 
KH 2 P0 4 , 137 mM NaCl, 0.34 mM Na 2 HP0 4 , 1.35 mM NaHCO,, 5.56 mM 
D-glucose, 25 mM (A?-[2-hydroxyethyl]piperazine-A ? '-[2-ethanesulphonicacid]) 
(HEPES), 0.5 mM ethylene glycol-&/s-((3-aminoethyl ether) AW/V'/V'-tetraacetic 
acid (EGTA), and 0.5% bovine serum albumin (BSA). Adjust the pH to 7.0-7.2, 
sterilize by filtration through a 22-urn filter, and store at 4°C. 

2. Phosphate-buffered saline (PBS): Prepare 1 L containing 2.68 mM KC1, 1.47 mM 
KH 2 P0 4 , 137 mM NaCl and 8.12 mM Na 2 HP0 4 . Adjust the pH to 7.0-7.2, 
sterilize by filtration through a 22-u.m filter, and store at 4°C. 

3. Cell-culture medium: Dulbecco's modified Eagle's medium/nutrient mixture 
Ham's F-12 (DMEM/Ham's F-12) mixture (1:1) with 15 mM HEPES and 
14.28 mM sodium bicarbonate obtained from Sigma (Poole, U.K.). Store in the 
dark at 4°C. 

4. Fetal bovine serum (FBS) obtained from Biowest, UK. On receipt, aliquot the 
serum and store at -20°C. 

5. Penicillin/streptomycin, 50 U/50 |0.g/mL. The stock solution is obtained from 
Gibco-BRL (5000 U/mL/5000 lig/mL). Store aliquots at -20°C to avoid repeat 
freeze-thawing (see Note 2). 

6. Supplements for defined medium: 5 |0.g/mL insulin from bovine pancreas, 
5 |0.g/mL human transferrin (iron-free), 5 ng/mL sodium selenite (Na 2 Se0 3 ), and 
18 ng/mL hydrocortisone are all obtained from Sigma. Insulin, transferrin, 
and sodium selenite are reconstituted in medium, whereas hydrocortisone is dis- 
solved in a small volume of absolute ethanol and brought to the desired volume 
with medium. Store aliquots of the stock solution at -20°C for no longer than 
3 mo. 
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7. Versene: 0.2% (w/v) EDTA in BPS. Sterilize by filtration and store at 4°C. 

8. Trypsin/EDTA solution: Obtained from Gibco-BRL as a 10X stock solution con- 
taining 0.5% porcine trypsin and 0.2% EDTA. This solution is aliquoted and 
stored at -20°C. Prior to use, combine an aliquot of the trypsin/EDTA solution 
with an equal volume of Earle's BSS without calcium and without magnesium 
obtained from Gibco-BRL. 

9. Percoll solution: Percoll is obtained from Sigma, autoclaved in 18-mL aliquots, 
and stored at 4°C. Prior to use, combine 18 mL of sterile Percoll with 42 mL of 
culture medium. 

10. Collagenase A solution: Just before use, prepare a solution of collagenase 
{Clostridium histolyticum, Sigma, U.K.) in medium (0.2% [w/v]) and filter 
through a 22-u.m pore filter. Typically, we use 100 mg of collagenase (activity 
0.5 U/mg) in a total volume of 50 mL of medium/each 10 g of cortex to be 
digested. 

11. Incubation vessel: The incubation vessel consists of a glass-jacketed flask 
(200 mL) with a magnetic bar in it. The temperature of the collagenase solu- 
tion in the inner reservoir is maintained at 37°C by circulating warm water 
through the jacket of the flask. The flask and the magnetic bar are autoclaved 
prior to use. 

12. Stainless-steel test sieves obtained from Endecotts (London, U.K.) with mesh 
sizes of 300, 150, and 75 urn. The sieves are autoclaved to ensure sterility. 

13. 50-mL autoclaved centrifuge tubes obtained from Nalgene (Rochester, NY). 

14. Trypan blue solution: Stock solution (0.4% sterile Trypan blue) is obtained from 
Sigma. Just before use, this is diluted to 0.2% in PBS. 

3. Methods 

3.1. Isolation of Human PTC 

Pieces of human renal tissue are obtained from nephrectomy specimens 
removed because of renal cell carcinoma. Ethical approval was obtained from 
the Grampian Research Ethics Committee. The tissue is always obtained from 
a fragment as distant from the neoplastic lesion as possible and is confirmed 
as being normal by the Department of Pathology, University of Aberdeen. 
The method described here is ideally suited for the isolation of PTC from 
approx 10 g of cortex. 

1 . Transport the tissue under sterile conditions to the tissue-culture cabinet, and place 
it in a sterile Petri dish containing BSS. Using sterile forceps peel off the renal 
capsule, and dissect the cortical tissue from the adjacent medulla with a sterile 
scalpel {see Note 3). 

2. Make incisions on the surface of the cortical tissue to facilitate penetration of the 
buffer into the tissue. Place the cortex in a preweighed disposable and sterile Uni- 
versal container with BSS. 

3. Weigh the Universal container. 
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4. Bring the cortex back to the cabinet, and place it in a plastic Petri dish containing 
fresh BSS. Chop the tissue coarsely with a scalpel. 

5. Dissolve the required amount of collagenase in approx 50% of the final volume of 
medium, sterilize it by filtration, and place it in the incubation vessel. 

6. Transfer the tissue fragments to a sterile Universal, and wash them thoroughly 
with several changes of BSS. Then cut the tissue to obtain pieces of approx 
3 mm 3 . Wash the cortex with several changes of BSS until the solution remains 
clear (see Note 4). 

7. Wash the cortical fragments three times in tissue-culture medium. During each 
wash shake the Universal vigorously (see Note 5). 

8. Resuspend the cortical fragments in prewarmed (37°C) medium, and combine it 
with the collagenase solution in the incubation vessel. Adjust the volume of the 
collagenase mixture by the addition of further prewarmed medium. 

9. Incubate the cortical fragments in the collagenase solution for a variable period of 
time (between 20 and 30 min) depending on the consistency of the tissue. 

10. Pour off the digested mixture onto the first sieve (300 |J.m), and force it through 
with the plunger of a 20-mL syringe. Then wash the sieve through with fresh 
medium. The same procedure is then applied to the second sieve (150 |J.m). 
Wash the material collected onto the third sieve with medium, and if necessary, 
stir the contents with a glass rod (see Note 6). 

1 1 . Pipet out the suspension thus collected into the Petri dish into a series of Univer- 
sal, and rinse the Petri dish with medium. 

12. Centrifuge the Universals at 400g in a bench centrifuge to pellet the digested 
material. 

13. Resuspend the pellets obtained in cold medium, and combine them into one or 
two Universals, which are centrifuged again as before. 

14. Pour off the medium, and resuspend the pellet in 10 mL of medium (5 mL/tube 
to be used during the isopycnic separation). Load each of the two 50- mL cen- 
trifuge tubes with 5 mL of this cell suspension and 30 mL of the Percoll mixture. 

15. Centrifuge the tubes at 21,500gmax for 30 min at 34° angle rotor at 4°C. This sep- 
arates the material into four distinct bands, three bands (A, B, and C) composed 
of renal fragments and cells, and a fourth band (D) that contains the blood cells. 
Band A is very diffuse and contains mostly cell debris, nonviable cells, and cells 
of uncertain origin. Bands B and C contain tubular cells and tubular fragments. 
Band C contains a mixture of cells and tubules, composed mainly of proximal 
tubules and proximal tubular cells (see Notes 7 and 8). Band D contains blood 
cells. The density of the gradient formed was measured using density marker 
beads (Pharmacia). Band A sediments at 1.019 g/mL and band C sediments just 
above the 1.062 g/mL marker. 

16. Pipet out the contents of band C, and wash it in medium. Centrifuge this suspen- 
sion as in step 12 to remove traces of Percoll and then resuspend the pellet in a 
given volume of medium (see Note 9). Add an aliquot to the trypan blue solution, 
and estimate cell viability and number with an improved Neubauer hemocytome- 
ter (see Note 10). 



Isolaton and Culture of Human Proximal Tubular Cells 287 

3.2. Culture of PTC 

1 . Initiate the primary cultures by seeding cells into plastic culture dishes or flasks 
or on type IV-coated polyethyleneterephthalate (PET) inserts at an approximate 
density of 5x 10 4 cells/cm 2 in medium supplemented with 10% FCS to promote 
attachment. 

2. Change the medium after approx 24 h and at 48-h intervals thereafter, changing, 
if desired, to defined medium once attachment of the cells has taken place (see 
Notes 11 and 12). 

3. When seeded and cultured under these conditions, the cultures reach confluence 
in approx 5-6 d, displaying by then the typical cobblestone appearance charac- 
teristic of epithelial cells. 

3.3. Subculture of PTC 

1. PTC cultures can be subcultured at approx 7-d intervals (see Note 13). 

2. Wash the cell monolayer three times with PBS. This step is of particular impor- 
tance if the cells have been cultured in medium containing FCS in order to remove 
serum. 

3. Incubate the cultures for 3-5 min with Versene solution (0.2% EDTA in PBS) to 
weaken cell adhesion through the action of the chelating agent. 

4. After removal of the Versene, incubate the cultures at 37°C in a trypsin solution 
for approx 10 min or until the cells have detached from the plate. 

5. Inactivate the trypsin by the addition of an equal volume of medium supplemented 
with 10% FBS. 

6. Centrifuge the cell suspension at 400g for 5 min, and resuspend the pellet in a 
given amount of medium (see Note 14). 

7. Determine viability and cell number as described using the Trypan blue solution. 

8. Seed the cells onto tissue-culture plates or dishes at a density or 1 x 10 4 cells/cm 2 . 

4. Notes 

1. Although some of the solutions are stable for a long time, we use them within 
3 mo of preparation. 

2. The medium supplements and the antibiotics should be added to the medium prior 
to use for tissue culture and used within 2 wk of preparation, otherwise poor cell 
growth may result. 

3. It is important to maintain the tissue and all solutions (other than those used 
for collagenase digestion) in ice at all times. This increases cell viability and helps 
to prevent clumping of the cells, particularly at the later stages of the isolation 
procedure. 

4. The enzymatic digestion of the tissue using collagenase is a two-step procedure. 
First, the tissue is washed thoroughly with BSS, a solution containing EGTA as a 
chelating agent. Then the tissue is digested in a solution of collagenase contain- 
ing calcium, which is essential for optimal enzymatic activity of the collagenase. 
The advantages of this two-step collagenase digestion are thought to lie in the 
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loosening of tight junctions between the cells via the removal of calcium by the 
chelating agent and therefore producing a better digestion by collagenase (14). 

5. It is essential to rinse the tissue thoroughly with medium before collagenase diges- 
tion. The EGTA present in the BSS is an inhibitor of collagenase activity, whereas 
the calcium present in the medium activates the enzyme. 

6. Sieving the digested material through the 300- and 150-|im sieves further disrupts 
the tissue, whereas the function of the 75-|0.m sieve is primarily to remove conta- 
minating glomeruli. This is the reason for not forcing the digested material through 
this latter sieve. 

7. Band A contains mainly damaged cells and debris together with a number of 
viable cells of uncertain origin. Band B is composed of cells and tubular frag- 
ments, and although some of them are proximal tubules, the vast majority are not. 
Band C is mainly composed of proximal tubules and cells. 

8. During the isopycnic separation of the tubular cells, the centrifuge tubes should 
not be overloaded with the digested material. Otherwise distinguishing between 
bands B and C can become extremely difficult. 

9. The cells and fragments in band C are sometimes clumped together. Normally, 
these clumps can be dislodged by gently pipeting the pellet after resuspension in 
medium. However, on some occasions, this is not sufficient to produce a homoge- 
nous cell suspension. In these cases, we found that the suspension can be further 
homogenized by forcing it through a 19-gauge needle, without causing a signifi- 
cant reduction in the viability of the suspension. These clumps may also be pre- 
vented by treating the suspension with DNase (0.05 mg/mL). 

10. The assessment of viability and cell number in the isolated suspensions can only 
be approximate, because the preparation contains a substantial amount of tubular 
fragments and the number of cells in each fragment can only be estimated under 
the microscope. 

11. In some instances, the primary cultures may be slightly contaminated with fibrob- 
last-like cells. It is, therefore, convenient to culture the cells in defined medium as 
soon as attachment to the substratum has taken place, thus greatly reducing the 
problem of fibroblast overgrowth (15,16). Fibroblast overgrowth can be completely 
eliminated by substituting L-valine and arginine by D- valine and ornithine, respec- 
tively, in the culture medium. Epithelial cells, and therefore PTC, can convert 
D-valine into L-valine and ornithine into arginine, whereas fibroblasts cannot (17,18). 

12. With this technique, there is a risk that cell types other than proximal tubules may 
grow in culture. A better preparation may be obtained if the cultures are grown in 
glucose-deficient medium. Within the renal cortex, gluconeogenesis primarily 
occurs in the convoluted proximal tubules (19,20). This method has been suc- 
cessfully used to culture rabbit PTC (21). 

13. When cultured on a plastic substratum, the cultures can be passaged three times 
before they differentiate and senesce. However, by culturing these cells on a col- 
lagen matrix, the number of passages may be increased (7). Activities of PT 
enzymes such as y glutamyl transpeptidase, renal dipeptidase, and glutamine 
transaminase K are significantly lower in cultured cells compared with freshly 
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isolated cells, although there is little difference between primary cultures and pas- 
sage 1 cultures. Differences from freshly isolated cells are less marked for amino 
peptidase-N. 

14. Both the isolated cells and/or fragments and the cell suspension obtained after 
trypsinisation of monolayers can be cryopreserved in cell-culture medium con- 
taining 10% FBS and 10% dimethyl sulfoxide (DMSO) using standard methods. 

15. Following collagenase digestion and Percoll density centrifugation, tubular epithe- 
lial cells of the proximal and distal segments can be isolated with an immuno- 
magnetic method using MACS microbeads (22). 
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Culture of Parathyroid Cells 

Per Hellman 

1. Introduction 

The human parathyroid glands are comprised of several cell types, and the 
parathyroid chief cell is the most frequent, consisting of approx 40-70% in a 
normal parathyroid gland. Other cell types are fibroblasts, oxyphil cells, and 
fat-storing cells. The oxyphil cells are mitochondria-rich acidophilic cells inter- 
spersed between the chief cells and spread throughout the gland (1). The fat- 
storing cells in some respects resemble the Ito cells in the liver (2). The amount 
of fat correlates to the activity of the gland, meaning that an active hyperplas- 
tic gland contains less fat than a normal parathyroid cell. This phenomenon 
has been used as a tool for diagnosing pathological features in extirpated 
parathyroid glands by performing the rather easy oil red O fat staining (1). 

The parathyroid glands are small, with a fat-free dry weight of 40-50 mg 
each. Studies of parathyroid cell physiology have involved characterization of 
parathyroid hormone (PTH) release in response to various extracellular stimuli, 
although calcium is the most important regulator of PTH secretion (3). The 
most common pathological disorder of parathyroid cells is a benign adenoma or 
hyperplasia due either to a primary genetic dysregulation or secondary to 
another disorder, most frequently, uremia. Only extremely rarely malignant 
parathyroid carcinomas ensue. 

Physiological studies of parathyroid cells have mostly been performed in 
short-term cultures. Studies of PTH release during 30-min to 2-h incubations 
have been frequent (4,5). Only a few groups have reported long-term cultures 
of parathyroid cells in order to study, e.g., proliferation (6-8). An obvious 
reason is the lack of success when trying to establish proliferating parathyroid 
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cells in culture, and many different protocols have been tried. Normal parathy- 
roid cells seem to be especially difficult to proliferate in a culture flask, includ- 
ing normal bovine, as well as human, cells. Hyperplastic or adenomatous 
human cells have offered more success in this matter. On the other hand, 
parathyroid cells — normal or pathological — even though they fail to proliferate, 
may attach to a plastic surface and function in terms of secreting PTH in a cal- 
cium-dependent way. Attachment to glass is more difficult, although not impos- 
sible (see Subheading 3.4.)- In Uppsala, we have used glass cover slips in a 
fluorescent microscope to study intracellular calcium concentrations after load- 
ing cells with the intracellular indicator fura-2. In this setting, the cells attach 
to the glass cover slips during the time of the experiment, but longer than 24 h 
culture on this surface has been difficult. Attachment chemicals such as serum 
have an intrinsic fluorescence interfering with the wavelengths (340 and 380 nm) 
used for fura-2 determinations. In this chapter, the method for dispersion of 
glands for short-term cultures will be described. In addition, the presently used 
method offering reliable and easily repeated cultures of proliferating human 
parathyroid cells will also be described. 

2. Materials 

1. Phosphate-buffered saline (PBS): 1 X PBS: 8 g NaCl (137 mM), 0.2 g KC1 
(2.7 mM), 2.9 g Na 2 P0 4 X 12 H,0 (3.1 mM), and 0.24 g KH 2 P0 4 (1.5 mM) in 
1000 mL distilled H 2 0, adjusted to pH 7.4. 

2. Transport buffer: HEPES -buffered Ham's F10 with 10% fetal calf serum (FCS). 

3. Sharp scissors. 

4. Conical-shaped container. 

5. Collagenase (Sigma Chemical Co., St. Louis, MO): Collagenase may be stored in 
-20°C at a ready-to-use solution in vials usable for the shaking incubator (in our 
laboratory, scintillation vials); 10 mg collagenase in 10 mL Ham's F10 HEPES- 
buffered medium or a digestion buffer [digestion buffer: 8 g NaCl (137 mM), 
0.35 g KC1 (4.7 mM), 0.16 g MgS0 4 • 7H 2 (0.65 mM), 0.18 g CaCl 2 • 2H 2 
(1.22 mM), and 6 g HEPES (25 mM) in 1000 mL sterile water, adjusted to 
pH 7.45]. Both have been used for digestion of human cells with success. Bovine 
serum albumin (BSA) is preferably added if the digestion will be performed 
within short time. 

6. DNase (Sigma): stored at -20°C as stock solution at 50 mg/mL in Ham's F10 or 
buffer as above (add 10 uL to 10 mL). 

7. BSA (Sigma): preferably added to freshly prepared collagenase solution (see 
item 5 above). 

8. Calcium chloride: Stock solution (200 mM): 2.94 g in 200 mL sterile water stored 
at -20°C. 

9. Shaking incubator allowing 300 rpm. 

10. EGTA dispersion buffer: 1 mM EGTA in 25 mM HEPES buffer (pH 7.4) con- 
taining 142 mM NaCl and 6.7 mM KC1. 
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11. Percoll (Pharmacia, Stockholm, Sweden). 

12. Secretion buffer: 125 mM NaCl, 5.9 mM KC1, 5 mM MgCl 2 0.625 mM HEPES, 
pH 7.4. 

13. 24-well plates (Nunclon, Lincoln Park, NJ). 

14. Keratinocyte culturing medium (Gibco). 

15. Immunoradiometric assay/radioimmunoassay for measurements of PTH (e.g., 
Nichols Institute, San Clemente, CA). 

Optional (see Note 7) 

16. Epidermal growth factor (EGF; Gibco, Uxbridge, U.K.). 

17. Bovine pituitary extract (Gibco). 

18. Dulbecco's minimal Essential medium (DMEM; Gibco). 

19. RPMI (Gibco). 

3. Methods 

3.1. Parathyroid Cell Dispersion 

Human parathyroid glands are obtained during surgery for primary or sec- 
ondary hyperparathyroidism. Biopsies of the excised human glands are placed 
in an ice-cold buffer and transported to the laboratory. Informed consent of the 
patients is obtained, and approval of the Local Ethics Committee to store 
human tissue in a biobank and use for physiological studies are ensured. 

1 . Place biopsies of the excised human glands in an ice-cold transport buffer and 
transfer to the laboratory (see Note 1). 

2. On arriving in the laboratory, human glands are minced with small and sharp scis- 
sors after removal of visible fat and connective tissue surrounding the glands. It is 
essential to remove all periparathyroid tissue and to leave the naked capsule before 
mincing of the actual parathyroid gland (see Note 2). 

3. Digest the minced preparation in 10 mL (per approx 100 mg minced tissue) of 
1 mg/mL collagenase, 0.05 mg/mL DNase, 1.5% BSA, and 1.25 mM Ca 2+ at 37°C 
(9). Transfer to a shaking incubator and digest at 300 rpm for 20-30 min (see 
Note 3). 

4. After 20-30 min, wash the cell suspension two times with transport buffer to inac- 
tivate and dilute the collagenase (see Note 4). 

5. Eventually, one may expose the cell suspension to EGTA dispersion buffer for 
10-20 s, which allows further dispersion to single cell suspensions, if needed (see 
Note 5). 

6. Remove dead cells and debris by centrifugation (5 min; 300g) through 25% stan- 
dard isotonic Percoll diluted in PBS. Wash the suspensions thoroughly with PBS 
(two or three times) (see Note 6). 

7. Determine cell viability by trypan blue exclusion. Add a small amount, e.g., 5 U.L 
trypan blue and 5 |0L cell suspension, and count the cells in which the dye is not 
excluded (=dead cells). In our hands, this routinely exceeded 95%. 
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8. The entire procedure generally yields small clusters of 2-20 cells, which may be 
used for short-term cultures for measurements of, e.g., PTH release, or for long- 
term cultures. Needless to mention are the demands of performing the whole pro- 
cedure in a sterile fashion. 

3.2. Short-Term Cultures for PTH Measurements 

1 . Suspend the cells in a balanced buffer solution ("secretion buffer") or in culture 
medium (preferably RPMI with low calcium concentration allowing additions of 
calcium to be made). Cells are incubated at 37°C in duplicate or triplicate, prefer- 
ably using a 24-well plate (see Note 8). Always include incubations at different 
calcium concentrations (0.5, 1.25, and 3.0 mM) to characterize the actual cell 
batch and its responsiveness to calcium {see Note 9). For physiological studies of 
other compounds, additions should be made at an external calcium concentration 
of 1.25 mM, resembling the physiological level. 

2. After the incubation period, aspirate the contents of the wells and centrifuge 
quickly to separate nonattached cells and debris from the supernatant. 

3.2.1. Measurements of PTH 

1 . Determine the PTH concentrations of the supernatants from above. Always use at 
least duplicates, preferably triplicates (see Note 11). 

2. Analyses of PTH may be correlated to the amount of cells either by using at least 
duplicates and a thorough addition of similar number of cells in each well 
(500,000), or by determining the total protein amount in each well after separation 
of the cell pellet. 

3. Interpretation and presentation of the assay results usually is done by setting the 
PTH release at 0.5 mmol/L to 100%, and maximal inhibition of PTH release set 
to the amount at an external Ca 2+ concentration of 3.0 mmol/L. Typically, the 
PTH release at external Ca 2+ is about 60% of that at 0.5 mM Ca 2+ (see Note 12). 

3.3. Long-Term Cultures 

1. Suspend the cells in the abovementioned keratinocyte culturing medium in a 
25-cm 2 cell-culture flask. An alternative is overnight culture in DMEM with 10% 
fetal calf serum (FCS) to allow the cells to attach to the culture vial plastics some- 
what more efficiently than in the keratinocyte medium, despite the negative effect 
on the growth of fibroblasts (see Note 13). 

2. After the eventual overnight culture in DMEM/10% FCS, cells are fed with the 
keratinocytes medium as above. In this environment, parathyroid cells may be 
cultured up to 60 d at our laboratory. The most success has been when using 
pathological parathyroid cells, in terms of achieving dividing proliferating parathy- 
roid cells (see Note 14). Normal human parathyroid cells attach to the plastic sur- 
faces but do not divide in this environment. However, they still secrete PTH in a 
calcium-dependent manner. 

3. When the cells fill the bottom layer of the culture flask, contact inhibition ensues. 
At this stage, detach the cells with or without trypsin and culture them further in 
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Fig. 1. Intracellular calcium concentration measured using fura-2 loaded human 
parathyroid cells. The external calcium concentration is stepwise added in steps of 
0.5 mM. Baseline concentration is 0.5 mM, and the baseline [Ca 2+ ]j is approx 80 nM. 
In the literature, parathyroid cells are generally characterized by using the interval 
between 0.5 and 3.0 mM, allowing calculation of the set-point, i.e., the external calcium 
concentration at which half-maximal increase of [Ca 2+ ]; occurs within this interval. 
Reproduced from ref. 8 by permission of the Society for Endocrinology. 



new flasks. Regardless of the procedure at this stage, the cells usually cease to 
proliferate in the next passage, although they still function in terms of secreting 
PTH and responding to different external calcium concentrations (8). Descrip- 
tions of the responsiveness to external calcium at different stages of culture are 
seen in Figs. 1-5. 

3.3.1. Long-Term Cultures in the Literature 

Reports of long-term cultures in the literature are scarce. An impressive 140 
doublings were achieved with cells isolated from bovine parathyroid glands 
cultured in Coon's modified Ham's F-12 medium containing low (0.3 mM) 
concentrations of calcium and supplements of bovine hypothalamic extract, 
bovine pituitary extract, epidermal growth factor, insulin, transferrin, selenous 
acid, hydrocortisone, triiodothyronine, retinoic acid, and galactose (6). We have 
made our own attempts in trying to repeat such cultures without obvious suc- 
cess. Attempts of coculture with irradiated 3T3 fibroblast cell lines and even 
irradiated isolated parathyroid fibroblasts have also been fruitless in order to 
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Fig. 2. A typical response of [Ca 2+ ]; to an increase of external calcium concentration 
from 0.5 to 3.0 mM in a fura-2 loaded human parathyroid cell recently dispersed. 
Reproduced from ref. 8. 



achieve long-term cultures of proliferating and functioning parathyroid cells. 
Another successful report of long-term cultures of parathyroid cells used clus- 
ters of cells derived from patients with secondary hyperparathyroidism due to 
uremia (7). These cells may be easier to culture because of their inborn prolif- 
erating tendency, in parallel to our experience with hyperplastic cells derived 
from MEN-1 patients. 

3.4. Measurements of Physiological Function 

The main task for the parathyroid cells are to secrete PTH, which may be 
measured as described above. However, determination of the intracellular cal- 
cium concentration ([Ca 2+ ];) using the intracellular fluorescent indicator fura-2 
is an excellent method for characterization of physiological function in parathy- 
roid cells. These cells are equipped with cell-surface bound calcium receptors 
(10) signaling via [Ca 2+ ]j. 

1. Plate cells on glass cover slips onto which the cells generally attach. 

2. Load the fura-2 esher into the cells by incubating the cells for 30 min at 37°C (see 
Note 15). 

3. Use excitations wavelengths of 340 and 380 nm and emission at 510 nm in a 
dual-wavelength fluorescence microscope. The excitation wavelengths are in our 
setting automatically shifted about once every second, and the software calculates 
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Fig. 3. A typical [Ca 2+ ]; response in a fura-2 loaded human parathyroid cell cultured 
for 2 d in low-calcium containing medium. Reproduced from ref. 8. 

a ratio of the respective emitted signals achieved after excitation at 340 and 380 
nm. This ratio correlates to [Ca 2+ ]j, which may then be determined. The detailed 
description of this procedure is beyond the scope of this chapter, but is described 
elsewhere (11). Typical results are seen in Figs. 1-5. 

4. Notes 

1. Because the time of warm ischemia is important, it is crucial to remove the 
parathyroid glands as soon as possible and place them in an ice-cold buffer after 
an initial, and at this stage, rather rough, mincing with a sharp pair of small scis- 
sors. Transport of the glands from the operating theater to the laboratory should be 
done in cold HEPES -buffered Ham's F10 with 10% FCS on ice, which keeps pH 
stable and metabolism low. 

2. We have used a conical-shaped small container for this procedure, enabling the 
glands to be kept together in the narrow bottom of the container and facilitating 
the mincing. 

3. Our incubator uses a circulating shaking movement, which we found to be supe- 
rior to transverse shaking. The digestion takes place in 10 mL collagenase solu- 
tion in regular scintillation vials. The goal for us has been to achieve clusters of 
approx 2-8 cells and not a fully dispersed suspension. Single-cell suspensions 
seem to have been more harmed during the dispersion, expressing fewer numbers 
of cell-surface receptors and so on, compared to small clusters of cells in which 
the presumably important cell contact is still present. 

4. The parathyroid gland dispersion is the most critical step in obtaining cells for fur- 
ther culture. The collagenase treatment is harmful to the cells, and should be kept 
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Fig. 4. [Ca 2+ ]j response in human parathyroid cell cultured for 10 d. Reproduced 
from ref. 8. 



at as short time as possible. To reduce the exposure time to collagenase we also 
use manually pipetting every 5-15 min. 

5. This procedure further disrupts bounds between the cells, but should be limited in 
time because the somewhat sensitive cells may otherwise be disrupted and a high 
rate of dead cells follows. The EGTA treatment is been performed if, for instance, 
measurements of intracellular calcium concentration is planned. 

6. Because the collagenase treatment is harmful to the cells, a significant number of 
dead cells are present after the initial steps. Debris has a lower density than viable 
cells, and therefore, is collected on top of the Percoll gradient, whereas the viable 
cells remain in the bottom pellet. In case of a cell suspension rich in erythrocytes, 
a possible additional step is to include a 50% standard isotonic Percoll gradient as 
well. The comparably high-density erythrocytes will be collected in the bottom 
pellet with debris on the top, while the viable cells are collected in the interphase 
between the 25 and 50% Percoll cushions. It is essential to add these Percoll cush- 
ions thoroughly, starting either with the 50% in the bottom of a tube, followed by 
the 25% on top, and last, the cell suspension to be separated — or to first add the 
cell suspension followed by 25% Percoll using a long syringe to add the Percoll 
underneath the cell suspension. The 50% Percoll may be added similarly. 

7. For studies of PTH release, incubation times of between 30 min and h are gener- 
ally sufficient. For studies of immediate responses, we have used 30-min incuba- 
tions (occasionally shorter; 5-15 min), whereas the impact on PTH release after 
genomic interactions (e.g., vitamin D 3 ) takes longer (4,8,12). Similar short-term 
cultures have been made after incubation of cells in a serum-free medium con- 
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Fig. 5. Number of human parathyroid cells after culture at different calcium con- 
centrations for keratinocytes in a specially defined medium (Gibco) in which additions 
of calcium have been made. 
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taining 5 ng/mL EGF and 50 |0.g/mL bovine pituitary extract, as well as in regu- 
lar DMEM or RPMI containing 5-10% FCS (8). 

A minimum of 250,000 cells in each well in a 24-well plate are needed, although 
500,000 cells give many more reliable results, incubated in 500 |0.L buffer. 
The ability of high external calcium concentrations to reduce PTH release has 
been used as an indication of the viability of the cells. Thus, healthy cells express 
functioning cell-surface calcium receptors and a functioning internal pathway, 
whereas damaged cells seem merely to leak PTH in an uncontrolled way. Incu- 
bation of cells with 3.0 mM calcium should reduce PTH release with approx 
20-40% after 30 min compared to 0.5 mM external calcium concentration (4). It 
is wise to check the concentration of ionized calcium in the buffer by, e.g., an 
ion-selective electrode, in order to make sure that the BSA, serum, and phosphate 
in the buffer solution or medium do not dramatically interfere with the free- 
calcium concentration. The used serum-free medium originally intended for ker- 
atinocytes has an extremely low calcium concentration of 0.09 mM, although 
DMEM has 1.8 mM and RPMI approx 0.4 mM. 

For proliferation studies, a low-calcium concentration should be ideal for parathy- 
roid cells, because this signal causes a diffuse parathyroid hyperplasia and pre- 
sumably would initiate proliferation in the culture flask. Furthermore, fibroblasts 
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do not grow in extremely low calcium concentration, which is an advantage with 
the "keratinocyte" medium. 

11. PTH may be analyzed in different ways. The active aminoterminal portion — 
PTH(l-34) — may be analyzed by a radioimmunoassay using anti-serum directed 
against this portion of the PTH molecule (4), or — perhaps more accurate and if 
human PTH is to be measured — determination of intact PTH(l-84) using two 
anti-sera and an immunoradiometric method. 

12. The set-point — the external calcium concentration at which half-maximal inhibi- 
tion of PTH release is achieved — is shifted to the right in pathological cells. The 
right-shifted set-point is also seen after measuring the intracellular calcium con- 
centration ([Ca 2+ ];) changes to external calcium variations. Thus, the relation 
between external and internal calcium concentrations is inverse and sigmoidal 
(Fig. 1), with a corresponding set-point as the calcium/PTH relation. 

13. Cells may be cultured in different flasks, but owing to the usual limited number 
of cells, cell-culture flasks not larger than 25 cm 2 are recommended. The low- 
calcium concentration of this medium triggers parathyroid chief cell division and 
proliferation and also reduces the proliferation and survival of occasional fibrob- 
lasts. The usual problem by performing cultures in higher calcium concentration 
has been a rapid overgrowth of fibroblasts. Culture of parathyroid cell dispersions 
in DMEM/10% FCS leads to overgrowth of fibroblasts within 2-3 d. Neverthe- 
less, this medium may be used to allow cells to attach to the culture flask plastics 
if used over night. The use of surface coating with polylysine or serum and so on 
has not been proven superior to culturing without a coating. 

14. Parathyroid cells derived from hyperplastic glands seem to be the easiest from 
which to obtain cell cultures. In particular, cells from patients suffering from mul- 
tiple endocrine neoplasia type 1 (MEN-1) are especially prone to proliferate in this 
environment. The reason may be their inborn tendency for proliferation, which is 
further stimulated in the low-calcium concentration (8). The parathyroid patho- 
physiology of MEN-1 is characterized by a proliferative disorder rather than a 
set-point shift. 

15. The esther diffuses through the lipid cell membrane and is cleaved by intracellu- 
lar estherases to fura-2 acid which is trapped intracellularly. 
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Long-Term Culture and Maintenance of Human Islets 
of Langerhans in Memphis Serum-Free Media 

Daniel W. Fraga, A. Osama Gaber, and Malak Kotb 

1. Introduction 

Tissue culture refers to the in vitro growth or maintenance of organs, tis- 
sues, or cells. Methods of tissue culture in most cases have the dual goals of 
preservation of physical integrity and viability (1,2). As a nonreplicating tissue 
responsible for significant endocrine hormone production, islets of Langerhans 
represent a unique challenge for the tissue-culture laboratory. Physical integrity 
must be maintained not only on a cellular level, but also in terms of the three- 
dimensional (3D) matrix and multicellular composition of the intact islets. The 
maintenance of viability with respect to islet culture requires not only the 
preservation of cellular integrity, but also the retention of an ability to respond 
to external stimuli in a physiologically appropriate manner. Specifically, with 
respect to the suitability of tissue for islet transplantation, this refers to pre- 
serving the ability to produce and release insulin in response to secretagogues. 

Presented here is a simple but effective technique to maintain human islet 
tissue for prolonged periods of in vitro culture (3,4). 

2. Materials 

1. CMRL 1066 with 100 mg/dL glucose (Gibco BRL cat. no. 320-1530AJ). 

2. Sodium hydroxide, 10 N (NaOH) (Fisher cat. no. SS255-1). 

3. Hydrochloric acid, concentrated (HC1) (Fisher cat. no. A144-500). 

4. HEPES buffer (Sigma cat. no. H0891). 

5. Gelman culture capsule, 0.22 urn (CN 12170). 

6. ZnS0 4 »7H 2 (Sigma cat. no. Z0251). 

7. Antibiotic/antimycotic solution (Cellgro cat. no. MT 30-004-CI). 

8. L-Glutamine (Cellgro cat. no. MT 25-005CI). 

From: Methods in Molecular Medicine, vol. 107: Human Cell Culture Protocols, Second Edition 
Edited by: J. Picot © Humana Press Inc., Totowa, NJ 
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9. ITS+ Premix (Collaborative Biomedical cat. no. 40352). 

10. T-175 tissue culture (suspension) flask (Sarstedt cat. no. 83.1812.502). 

11. Sterile media bottles (Nalge/Nunc cat. no. 2019-1000). 

12. Printed labels. 

13. Sterile 50-mL conical tubes (Sarstedt cat. no. 62.547.004). 

14. Sterile Tygon tubing, 8 ft (Cole Parmer cat. no. 96410-15). 

15. Peristaltic pump (Cole Parmer cat. no. 7520-25). 

16. Digital scale. 

17. 70% Ethanol. 

3. Methods 

The methods described below cover the areas of: (1) stock reagent prepara- 
tion; (2) working reagent final preparation; (3) islet culture; (4) media change for 
prolonged islet culture maintenance; and (5) reagent quality assurance testing. 

3.1. Stock Reagent Preparation 

Stock reagent preparation presented here is for a batch size of 20 L. Prepa- 
ration volumes, however, may be scaled to the needs of each laboratory. 

1. Open 40 (500 mL) bottles of CMRL 1066 and transfer to a sterile 20-L carboy. 

2. Add a larger sterile stir bar to the carboy and place on magnetic stir plate. 

3. Add 107.1 g of HEPES buffer to the reagent carboy. 

4. Add 200 mg ZnS0 4 «7H 2 to the reagent carboy. 

5. Add 23.4 mL of NaOH to the reagent carboy. 

CAUTION: Sodium hydroxide is a potent caustic reagent and must be han- 
dled according to good laboratory practices. 

6. Allow solution to mix thoroughly and pH to stabilize (see Note 1). 

7. Verify media pH is between 7.35 and 7.45. Adjust pH as needed with NaOH 
or HC1. Once the pH is stabilized, it is ready for packaging into stock reagent 
bottles. 

CAUTION: Hydrochloric acid is a potent acid and must be handled accord- 
ing to good laboratory practices. Handle reagent in certified fume 
hood. 

8. While solution is mixing, disinfect laminar flow hood according to standard oper- 
ating procedures. 

9. Disinfect and transfer 20 sterile 1-L bottles into the hood. 

10. Aseptically set up filter sterilization apparatus in the hood (see Fig. 1). 

11. Remove cap and place one of the sterile bottles on a digital scale. Zero the scale. 

12. Using the peristaltic pump, pump reagent from the 20-L carboy through the 
Gelman Micro Capsule sterilization filter (see Figs. 2 and 3). 

13. Fill each bottle to a weight of 990-1010 g. 

14. Recap the bottles as they are filled. Place identification labels on all bottles (see 
Note 2). 
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Fig. 1. Media filter sterilization setup inside laminar flowhood. Batch reagent reser- 
voir on magnetic stirrer. Culture filter capsule, sterile media bottle, and digital scale. 



15. After every five bottles of reagent have been filtered, transfer a 10-mL Quality 
Control aliquot into the 50-mL sterile conical (see Note 3). 

16. Move the tubing in the pump rollers 2-3 in. to prevent tubing leakage. Resume fil- 
tration for the next five bottles. 

17. Continue process until all 20 L have been filtered. 

18. Place media in quarantined refrigerated storage until Quality Control testing has 
been completed and the reagent clears Quality Assurance (QA). 

19. Perform QA testing as outlined in Subheading 3.5. 

20. Stock media is stable for 12 mo when stored at 4-8°C. 



3.2. Working Reagent Final Preparation 

1. Obtain the current lot number of stock media that has passed QA testing from 
the refrigerator and transfer into a disinfected laminar flow hood. 

2. Aseptically add 10 mL of ITS+ premix to each liter of stock media being prepared 
to achieve the following working concentrations of supplement ingredients: 
Insulin 6.25 |^g/mL 

Selenious acid 6.25 ng/mL 

Transferrin 6.25 |^g/mL 

Linoleic acid 5.35 |^g/mL 

Bovine serum albumin (BSA) 1.25 mg/mL 
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Fig. 2. Batch reagent reservoir and peristaltic drive pump for media filtration. 



Aseptically add 10 mL of L-glutamine to each liter of stock media being prepared 
to achieve a working concentration of 0.292 mg/mL. 

Aseptically add 10 mL of antibiotic/antimycotic solution to each liter of stock 
media being prepared to achieve the following working concentrations of supple- 
ment ingredients (see Note 4): 
Penicillin 100 U/mL 

Streptomycin 100 |lg/mL 

Amphotericin B 0.25 |ig/mL 

It is recommended that a 30-mL QA sample be taken for critical applications and 
for all transplant related media preparations. 
Perform QA testing as outlined in Subheading 3.5. 
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Fig. 3. Media capsule filtration into sterile 1-L bottles. Bottles filled by weight. 



3.3. Islet Tissue Culture 

1. Isolate and purify islet tissue according to standard operating procedures (5,6). 

2. While waiting for the final count of the islet preparation, disinfect laminar 
flowhood according to standard operating procedures. 

3. Disinfect and transfer bottles of the current lot number of working CMRL work- 
ing reagents into the hood. 

4. Disinfect and transfer T-175 suspension culture flask bags into the hood. Open the 
bags aseptically and stage the flasks in the hood. 

5. After obtaining the final count, disinfect and transfer the final preparation conical 
into the hood. 
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Media Change Flowchart 
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6. Determine the aliquot of final islet preparation required to obtain a tissue density 
of approx 400 islet equivalents per milliliter of culture media (50,000 islet equiv- 
alents per T-175 flask). 

7. Transfer aliquots into T-175 suspension tissue-culture flasks that have been labeled 
with appropriate isolation information (see Note 5). 

8. Transfer additional media to achieve a total volume of 130 mL per flask. 

9. After setting up culture flasks, allow the tissue to settle for 15 min and take 
a 5-mL sample from each flask. Transfer these samples into a single 250-mL 
conical for QA testing of the final preparation. 

10. Replace vented caps on culture flasks and transfer them to a C0 2 incubator. 

11. Incubate at 37°C, 5% C0 2 for 24-48 h. Transfer to low temperature (24-30°C, 
5% C0 2 ) incubator for the remainder of time on culture. 

12. Perform media changes as outlined in Subheading 3.4. 

3.4. Media Change for Prolonged Tissue-Culture Maintenance 

Perform media changes at regular intervals using aseptic technique accord- 
ing to the Media Change Flowchart (Table 1). The frequency of media changes 
is higher during the first week after islet isolation for islet preparations with 
high residual aciner content. This increased frequency is designed to remove 
potentially harmful exocrine enzymes which can be released in the culture as 
aciner tissue dies off on culture. 

1. Disinfect laminar flow hood according to standard operating procedures. 

2. Disinfect and transfer bottles of the current lot number of CMRL working reagent 
into the hood by wiping down flasks for media change with 70% ethanol. 

3. Disinfect and transfer culture flasks into the hood by wiping down flasks for 
media change with 70% ethanol. 
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4. Stand the flasks on end and loosen caps. 

5. Allow the flasks to stand on end for 15 min. 

6. Aseptically remove 75 mL of supernatant from each flask and transfer to a ster- 
ile bottle (see Note 6). 

7. Pour fresh media into a sterile 250-mL conical and aseptically transfer 75 mL of 
fresh media to each flask. 

8. Replace caps on the flasks and return them to the 24-30°C incubator. 

9. Perform QA testing on the supernatant as outlined in Subheading 3.5. 

3.5. Reagent QA Testing 

Successful tissue culture is predicated on the use of adequate aseptic or ster- 
ile technique. This applies to all aspects of the tissue-culture process, from 
stock reagent preparation through media changes and final tissue disposition 
(2,7). Documentation of successful implementation of such techniques is 
accomplished through routine testing of media for the absence of bacterial, 
fungal, and mycoplasm contamination. In addition, media should be routinely 
assayed for endotoxin contamination. 

There are a large variety of methods available for sterility testing. Each lab- 
oratory must select and validate those methods which meet their needs for test- 
ing. Recommendations given here are therefore general in nature. 

3.5.1 . Stock and Media QA Testing 

1. Following preparation of a batch of stock media, set up cultures for aerobic, 
anaerobic, and fungal contaminants. 

2. Following preparation of a batch of stock media, set up cultures for mycoplasm 
contamination. 

3. Following preparation of a batch of stock media, test a representative sample of 
the batch for endotoxin levels. 

4. Hold the media in quarantine until testing results are complete. 

3.5.2. Working Media QA Testing 

Testing of working media is not required prior to use because it will be per- 
formed de facto when islet final preparations are tested. Hold the working 
reagent QA sample in storage for follow-up testing if needed (see Note 7). 

3.5.3. Islet Culture Final Preparation QA Testing 

1. Following placement of islet tissue on tissue culture, take the final preparation 
QA sample and set up cultures for aerobic, anaerobic, and fungal contaminants. 

2. Following placement of islet tissue on tissue culture, take the final preparation 
QA sample and set up cultures for mycoplasm contamination. 

3. Following placement of islet tissue on tissue culture, take the final preparation 
QA sample and test for endotoxin levels. 
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3.5.4. Media Change Islet Culture QA Testing 

1 . Following media change, use the removed supernatant media to set up cultures for 
aerobic, anaerobic, and fungal contaminants. 

2. Following media change, use the removed supernatant media to set up cultures for 
mycoplasm contamination. 

3. Following media change, use the removed supernatant media and test for endo- 
toxin levels. 

4. Notes 

1. Allow adequate time for pH stabilization. In practice, this takes at least 30-45 
min. Make sure that the solution is being well mixed by the magnetic stirrer. 

2. Reagent labels should include as a minimum, "Reagent Identification," "Lot 
Number," "Date Prepared," "Expiration Date," and a place to note additives that 
might be used. An example is shown here. 

CMRL PREP: 04/30/03 Lot: CM03-01 

ITS: AB/AM: L-GLU: 



Other: 

Date: Tech: 

Expires: 4/30/04 



3. Take additional QA samples if the filter is changed during the filling sequence. 
Samples should reflect the last media processed through a given filter. 

4. AB/AM and L-glutamine will remain active for 14 d. If the reagent is being used 
after 2 wk, an additional 10 mL of each must be added. This may be repeated for 
up to three additions (7). 

5. It is critically important to use a consistent technique when aliquoting islet prepa- 
rations. Because islet tissue will settle rapidly, continuous gentle, but thorough, 
mixing of the final preparation during the process will ensure a homogeneous dis- 
tribution of tissue throughout all culture flasks. 

6. Use sterile 25- or 50-mL disposable plastic pipets. Do not use glass pipets owing 
to the possible shedding of painted volume markings. 
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Primary Culture of Human Antral Endocrine 
and Epithelial Cells 

Susan B. Curtis and Alison M. J. Buchan 



1. Introduction 

The mucosal endocrine cells in the antrum are found as individual elements 
interspersed among the surrounding epithelial cells, the majority of these being 
the gastric mucous cells. To establish the factors regulating either endocrine or 
mucous cell function, the cells have to be separated not only from nonepithe- 
lial cells, but also from circulating and neuronal elements within the stomach. 

A major problem in obtaining cultures of gastric endocrine cells is their dif- 
fuse distribution in the stomach and the nonsterile nature of the gastric lumen. 
To overcome these problems, we have used a combination of collagenase diges- 
tion of the mucosal layer with centrifugal elutriation to remove small particles, 
such as bacteria and fungi, and provide an enriched preparation of endocrine 
cells. The technique represents a modification of the methodology originally 
developed to isolate endocrine cells from the canine stomach (1). 

Unfortunately, none of the techniques developed so far produce a 100% pure 
culture of an individual endocrine cell type, with the antral gastrin cell cultures 
ranging from 20 to 45% purity. However, by modifying the single-cell fraction- 
ation protocol cultures containing 95% gastric mucous cells can be obtained. 

These epithelial cell cultures have been used for a number of different exper- 
imental techniques: release studies examining regulation of hormonal secre- 
tion, intracellular ion flux in response to stimulation (e.g., Fura-2 measurement 
of intracellular calcium levels) (2), molecular studies of gene expression pat- 
terns using array technology, or the interaction between antral epithelial cells 
and Helicobacter pylori (3-8). 
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2. Materials 

2.1. Tissue Collection 

A 100-mL screw-topped container with 50 mL of chilled buffer (see Sub- 
heading 2.5., item 6), 1 pair scissors (8-12 in.), 1 pair forceps (6-8 in.)- 

2.2. Dissection of Stomach 

1. Plastic container full of ice. 

2. 50 mL of chilled Hank's balanced salt solution (HBSS) containing 10 mM 
7V-2-hydroxyethyl piperazine-A^-2-ethane sulfonic acid (HEPES), with 0.1% bovine 
serum albumin (BSA), referred to as HBSS/BSA from now on. 

3. Scissors (6-8 in.). 

4. Sharp, fine scissors (4-6 in.). 

5. Forceps (6-8 in.). 

6. Fine forceps (6 in.). 

7. 140-mm glass Petri dish. 

8. Latex gloves (mandatory for handling human tissue). 

9. Face mask, if uncertain of the status of the patient (i.e., hepatitis, virus infection, 
and so on). 

2.3. Digestion of Mucosa 

1. Shaking water bath at 37°C. 

2. 250-mL nonsterile conical flask with lid (1-12 g of stripped mucosa). 

3. Sigma (St. Louis, MO) type I collagenase (300 U/mg, stored as 100-mg aliquots 
dry powder at -20°C), and type XI collagenase (1750 U/mg, stored as 50-mg 
aliquots dry powder). Dissolve each collagenase type in 1 mL of basal medium 
eagle (BME), and store on ice until ready to use. 

4. 300 mL BME containing 10 mM HEPES, 24 mM NaHC0 3 , and 0.1% BSA. 

5. 1-2 L HBSS/BSA supplemented with 100 mg/L dithiothreitol (DTT) and 10 mg/L 
DNase. 

6. 5 mL 0.5 M ethylenediaminetetraacetic acid (EDTA). 

7. O, gas cylinder. 

8. Sharp scissors (4-6 in.). 

9. Scalpels (2-No.4) and blades (2-No. 21). 

10. 100-mL beaker. 

11. 250-mL glass/plastic beaker (1). 

12. 250-mL plastic beaker (1). 

13. Squares of 400 urn of Nytex™ mesh cut to fit over the 250-mL beaker. 

14. Plastic ring cut from a 250-mL beaker to fit into the rim of a 250-mL beaker. 

15. 50-mL nonsterile centrifuge tubes (6-8). 

16. 1-mL Gilson pipet (1). 

17. 0.4% Trypan blue. 

18. Hemocytometer. 
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2.4. Centrifugal Elutriation 

1. Beckman centrifuge with elutriator rotor. 

2. 5-mL standard separation chamber. 

3. Pump (Cole Parmer [Niles, IL], Masterflex Model 7520-20 or similar). 

4. Laminar flow hood adjacent to centrifuge/rotor assembly. 

5. 70% ethanol. 

6. 100-mL graduated cylinder. 

7. 1 L sterile water. 

8. 2 L sterile HBSS/BSA. 

9. 50-mL sterile centrifuge tubes (Falcon) (four per elutriation load). 

2.5. Tissue Culture 

1. 6-, 12-, or 24-well Costar plates. 

2. 24-well plates with APES (3-aminopropyltriethoxy-silane, Sigma) coated cover 
slips (12 mm) are optimal for fluorescence ICC and confocal microscopy. Prior to 
coating the cover slips with APES, they are first cleaned with 1% HCl/70% 
ethanol for 30 min, rinsed well with dH 2 0, soaked in 70% ethanol for 30 min, 
rinsed with H,0, then dried in an oven. Two percent APES in dry acetone is 
poured over the cover slips, and cover slips are swirled in a Petri dish for 5 s. The 
APES solution is poured into a waste bottle and the cover slips are washed thor- 
oughly in dH 2 0, and dried in an oven. Place the coated cover slips into each 
well of a 24-well culture plate and expose the plates to UV light in the hood for 
30 min. Store plates at 4°C until required. 

3. 35-mm Falcon or Costar dishes with APES coated sterile cover slips are optimal 
for imaging of intracellular ion concentration (Fura-2 ratio measurement). 

4. 90-mm Falcon plates or 6-well plates are used to collect cells for ultrastructural 
studies and to isolate mRNA for molecular studies, or protein for Western blotting. 

5. Growth medium: Dulbecco's modified Eagle's medium (DMEM) containing 
5.5 mM glucose: Ham's F10 medium (1 : 1), 10 mM HEPES, 2 mM glutamine, 
8 |0.g/mL insulin, 1 u.g/mL hydrocortisone, 5% heat-inactivated fetal calf serum 
(FCS) (Invitrogen), 1 mL/100 mL penicillin/streptomycin, 100X stock (Invitrogen). 

6. University of Wisconsin (UW) Collection Buffer: 10.0 mM NaCl, 57.7 mM 
Na 2 P0 4 , 1 15.0 mM KC1, 19.0 mM glucose, and 10.0 mM NaHC0 3 . Osmolarity = 
330 mosm/kg, pH 7.0. 

3. Methods 

3.1. Collection of Antral Material 

The distal portion of the stomach, 3-4 in. proximal to the pyloric sphincter, 
is required. The optimal situation would be to obtain material from the retrieval 
program of the local Transplant Society. (Note: ethical permission forms must 
be in place for the University/Research Institute, and the permission of the 
next-of-kin for use of material for research should be obtained where required.) 
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The critical factor in the tissue collection is to minimize warm ischemic 
time. In this case, because the tissue was collected during an organ harvest for 
transplantation, the venous supply was replaced by ice-cold UW buffer prior to 
clamping the aorta. Thus, there was little, if any, warm ischemia. If the mater- 
ial has to be collected from surgery, care must be taken to ensure that as soon 
as the antral material is removed from the abdominal cavity, it is immediately 
immersed in ice-cold buffer. 

3.2. Transport to the Laboratory 

The transport time should be kept to a minimum. If material has been col- 
lected from surgery, once the tissue is out of the operating room, open up the 
antrum and flush out the lumen with ice-cold buffer. This is vitally important if 
there is bile present. The bile acts as a detergent and digests the tissue even at 
4°C. Once cleaned, it should be transferred to an intracellular buffer at 4°C 
(such as UW buffer), which slows enzyme activity and minimizes damage from 
free radicals. Antral tissue once cleaned and immersed in the ice-cold buffer 
can be stored at 4°C for up to lOh prior to digestion {see Note 1). 

3.3. Initial Separation of Mucosa (see Fig. 1) 

1 . The antral mucosa is blunt dissected from the underlying submucosa and muscle 
layers by taking the whole piece of tissue and removing any adherent fat from the 
serosal surface. With the mucosa face downward in a Petri dish with approx 
5 mL of HBSS/BSA, the muscle layer is gripped using forceps and sharp scissors 
are used to cut through the submucosal layer. This should be done as close to the 
mucosal layer as possible without cutting into the mucosa. Once all of the muscle 
layer is removed, any remaining adherent submucosa appears as a whitish layer 
over the beige mucosa. As far as possible, this white layer should be removed 
using sharp fine scissors and fine forceps. It is imperative to remove the submu- 
cosa with muscularis mucosae to ensure that no nerve or muscle cells are retained 
in the preparation. The effectiveness of the dissection can be checked by taking a 
small sample of the tissue, freezing for cryostat sectioning and staining 20-U.m 
sections with hematoxylin and eosin. It takes several practice sessions to perfect 
the removal process. 

2. The muscle and submucosal tissue are placed in an autoclave bag (all waste from 
the isolation procedure contaminated with human cells, including Nytex filters, 
must be autoclaved prior to disposal; check the regulations governing disposal of 
human tissue at your Institution) and the mucosa turned face upward. At this 
point, the antral region can be discriminated from the corpus by color. The corpus 
mucosa is thicker and is darker beige compared to the thinner antral region. The 
darker regions are cut away and discarded, leaving the stripped antral mucosa. 
Again, this can be checked by taking a small piece of mucosa, freezing, and cryo- 
stat sectioning to ensure no corpus tissue is included. 

3. The antral tissue is then weighed; the average weight is usually around 7-8 g. 
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Fig. 1 . A schematic drawing of the initial steps in the isolation procedure. The num- 
bers refer to the individual steps in the protocol section. 



3.4. Isolation of Single Cells 

1. Place the mucosa in a small beaker or 50-mL Falcon tube with no buffer, and 
mince with sharp scissors. 

2. Transfer the minced tissue into a Petri dish, and continue to chop using scalpels 
(No. 4) until the average size of the pieces is 5 mm 3 . 
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3. If the tissue is <12 g in weight, use a single 250-mL flask for the digestion, if 
>12 g, use two flasks. 

4. For the first digest, add 50 mL BME containing 100 mg (300 U/mg) of Sigma 
type I collagenase, and 10 mg (1750 U/mg) of Sigma collagenase type XI to each 
flask. 

5. Gas with 5% C0 2 /95% 2 for 30 s prior to capping. 

6. Incubate in the 37°C shaking water bath at 200 rpm for 45 min. 

7. Add 500 |lL 0.5 M EDTA and return to the water bath shaker for a further 15 min. 

8. Remove flask(s), empty contents into the 250-mL beaker, and add 2 or 3 volumes 
of HBSS/BSA/DDT/DNase (see Note 2). Allow nondigested material to settle to 
the bottom of beaker and discard supernatant from first digest (see Note 3). Leave 
a maximum of 5 mL buffer in the beaker. 

9. Replace the undigested material in the flask(s), and add 50 mL of BME/BSA 
containing 50 mg collagenase type I and 10 mg collagenase type XL Gas as 
before and return to shaking water bath for 45 min. 

10. Add 500-|lL 0.5 M EDTA for 15 min. 

1 1 . Remove flask(s), empty contents into the 250-mL beaker, add 2 or 3 volumes of 
HBSS/BSA/DDT/DNase. Allow nondigested material to settle, and pour super- 
natant into a second beaker leaving a maximum of 5 mL of buffer with the undi- 
gested material in the original beaker. Filter the supernatant through 400-|im Nytex 
mesh suspended over a plastic 250-mL beaker. The Nytex mesh can be anchored 
over the beaker using a ring made from part of another plastic beaker. The undi- 
gested material should be returned to the flask for a third digest, as in step 9. 

12. Separate supernatant from second digest into 50-mL centrifuge tubes (nonsterile) 
and centrifuge at 200g for 5 min. Discard supernatant, and resuspend pellet in 50 
mL HBSS/BSA. Cells should always be initially resuspended in a small volume 
(e.g., 5 mL) to aid dispersion of the clumped cells and then brought to final volume. 

13. Repeat steps 11 and 12 to ensure collagenase is removed from the cell suspension. 

14. Repeat steps 8-13 until no undigested material remains (usually four to five 
times) (see Note 4). 

15. Take the 50-mL resuspensions from digests 2-5, centrifuge at 200g for 5 min, 
resuspend each in 5 mL, and combine. Add HBSS/BSA and take the total volume 
through the fine Nytex mesh. A hole can be made in the side of the 250-mL plas- 
tic beaker at the 225-mL level and a 20-gauge needle inserted attached to a 50-mL 
syringe. Air drawn into the syringe creates suction and speeds up the process. If 
the digest was not effective at producing a single-cell preparation, the 40-|J.m 
mesh will clog rapidly. Replace with a fresh square. 

16. Check viability of cells, and count cells using trypan blue. A 100-|XL sample of 
the cell suspension is added to 100 |0.L of 0.4% trypan blue, placed in a hemocy- 
tometer, and examined under the microscope. Viable cells are unstained. Dead 
cells have a blue nucleus. At this point, count all cells alive or dead. 

17. Dilute the cell suspension to 1.5 x 10 8 cells/20-30 mL in HBSS/BSA/DDT/ 
DNase. The number of elutriation loads is calculated by dividing the total number 
of cells by 1.5 x 10 8 . 
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3.5. Elutriation 

1. Centrifugal elutriation: rotor assembly and calibration of flow rates. 

a. Assemble rotor; ensure separation chamber is free of debris. 

b. Sterilize rotor, chamber, and input and output lines with 70% alcohol. Leave in 
70% alcohol until 30 min prior to separation. 

c. Replace 70% alcohol with sterile water, flush out air bubbles, and set flow 
rates. Flow rates are calibrated at 2500 rpm for 25 mL/min, 2100 rpm for 
40 mL/min, and 1800 rpm for 55 mL/min. Care was taken to ensure that at 
low flow rates (25-35 mL/min), pressure in the line was <3 psi. If higher, this 
indicated that bubbles were trapped either in the separation chamber or in the 
spindle assembly of the rotor. To remove bubbles, the elutriator rotor was 
run at I50g with a flow rate at 75 mL/min, the rotor was stopped while the 
flow rate was maintained, and all bubbles were forced out of the chamber and 
spindle. 

d. Replace sterile water with sterile HBSS/BSA. 

2. Elutriation of antral cells. 

a. 1.5 x 10 8 cells are loaded into the chamber at a flow rate of 25 mL/min and a 
speed of 2500 rpm. Loading volume should be between 20 and 30 mL. 

b. Once cells are in the chamber (checked using the stroboscope), wash for 3 min 
at 25 mL/min. 

c. Increase the flow rate to 40 mL/min while decreasing the centrifuge speed to 
2100 rpm, and collect 2 x 50 mL fractions in sterile tubes. This fraction (Fl) 
contains the majority of the gastrin containing G-cells. 

d. Increase the flow rate to 55mL/min while decreasing the centrifuge speed to 
1500 rpm, and collect 2 x 50 mL fractions in sterile tubes. This fraction (F2) 
contains the gastric mucous cells. 

Note: From this point on, care should be taken to ensure sterile techniques 
are followed. 

e. Repeat a-d until all cells have been run through the elutriator (see Note 5). 

f. Centrifuge all collected fractions at 200g for 5 min. 

g. Resuspend in 10 mL growth medium (for composition, see Subheading 2.6.) 
and complete a cell count using trypan blue as before. This time count only live 
cells (see Note 6). 

3.6. Tissue Culture 

1. The Fl fraction containing the G-cells is resuspended at a final concentration of 
1 x 10 6 cells/mL in growth medium. 

2. The cell suspension is plated on 24-well plates with or without cover slips at 
1 mL/well for release experiments or immunocytochemistry, on 35-mm dishes 
(or 6-well plates) with or without cover slips at 2 mL/dish (or well) for immuno- 
cytochemical and intracellular ion measurement (e.g., Fura-2) experiments, 
and 90-mm dishes at 10 mL/dish. The average yield of cells in the Fl fraction is 
200 x 10 6 cells. 
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3. The F2 fraction containing the mucous cells is resuspended at a final concentra- 
tion of 1 x 10 6 cells /mL in growth medium. 

4. The F2 cell suspension is plated on 24-well plates at 1 mL/well for infection stud- 
ies with H. pylori, and 35-mm dishes (or 6-well plates) with or without cover 
slips at 2 mL/dish for immunocytochemical and collection of mRNA or protein 
for array experiments. The average yield of cells in the F2 fraction is 100 x 10 6 
cells (see Note 7). 

3.7. Characteristics of Resultant Cultures 

Approximately 50% of the Fl and F2 cells will adhere to the culture dishes 
overnight and are phase bright. The cells will remain >95% viable for approx 
2 mo, as shown by trypan blue exclusion experiments conducted throughout 
this period. Note that when the cells are cultured on a rat tail collagen sub- 
strate (as described in the first edition of Human Cell Culture Protocols), the 
cell viability is significantly reduced, to approx 1 wk. Cells aggregate into small 
clusters containing a mixture of endocrine and mucous cells. In the authors' 
experiments, 48 h was chosen for the majority of the experimental protocols 
designed to examine endocrine cell function, this time period has been demon- 
strated to allow reformation of cell-surface receptors and cell polarity. In the 
experiments designed to examine the interaction with H. pylori, the gastric cells 
are allowed to attach to the culture plates and recover from the isolation pro- 
cedure overnight prior to infection with the bacterium (see Fig. 2). 

In studies of receptor and ion-channel expression by the cultured cells, it 
has proved useful to collect RNA samples from the cells immediately after elu- 
triation and prior to the culture period. In many cases, the addition of specific 
growth factors (insulin or epidermal growth factor) at the high concentrations 
used in these cultures can induce expression of receptors or channels not nor- 
mally present on the cells in vivo. To control for this possibility, the presence 
of the receptor or ion channel in the cells prior to culture can be determined 
using mRNA collected from the post-elutriation samples for the polymerase 
chain reaction (PCR). 

4. Notes 

1. One advantage of the studies carried out in the AMJB's laboratory was the avail- 
ability of tissue from the B.C. Transplant Society in the province of British 
Columbia. Patients were screened before acquiring tissue to ensure their suitabil- 
ity as organ donors and did not have any known pathophysiological conditions. 
However, as is often the case with human studies, and unlike studies of laboratory 
animals, there was variability with respect to age, size, and sex of the donors. 
This information should be noted and reported in any subsequent publications. 

Antral tissue is not as heavily vascularized as the small intestine, and once the 
tissue is placed in ice-cold buffer, the cells can withstand a delay of up to 6 h 
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Fig. 2. A scanning electron micrograph showing the attachment of spiral H. pylori 
to antral mucous cells. The arrows indicate the attachment sites. 



before starting the isolation procedure. Longer storage times (>8 h) result in a 
lower yield of viable cells and should be avoided if possible. 
The volume of the digestion solution is at least doubled with cold HBSS/BSA/ 
DDT/DNase at the end of each 1-h incubation period prior to the centrifugation 
step to wash the tissue properly. This quickly reduces the activity of the collagenase. 
The DDT and DNase are added to minimize clumping of the single cells. DDT 
counteracts the aggregation of the mucin released from the gastric mucous cells, 
and DNase stops DNA released from lysed cells sticking the live cells together. 
The reason for discarding the cells collected from the first digest is that these rep- 
resent the surface epithelial cells, which have a reduced viability. You can check 
the viability by trypan blue exclusion. In addition, there are few if any endocrine 
cells in the upper layers of the human antral mucosa. Therefore, this cell popula- 
tion can be discarded without affecting the total yield of endocrine cells. 
The isolation protocol described produced the highest yield of viable cells. The 
choice of collagenase can be difficult. The combination of Sigma type I and type 
XI collagenase gave the best yield of antral G cells. However, each batch of col- 
lagenase should be tested prior to its use, because the activity and level of differ- 
ent additional enzymes in the preparation vary between batches. It is well worth 
testing several batches from Sigma and then putting a large amount of a good 
batch on hold. It is important to remember that if you change batches of collage- 
nase, problems may be encountered either with a loss of viable cells in the initial 
digest or the isolated cells may not survive in culture. 
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5. The Beckman elutriator centrifuge is equipped with a stroboscope, which allows 
the separation chamber to be monitored during each run. To speed up the process, 
it is usual not to stop the rotor completely between runs, but to wash the cells 
remaining in a pellet out of the chamber by decreasing the rotor speed to 
700 rpm and increasing the flow rate to give a pressure of 5 psi on the gauge. 
However, this does not always work, and the pellet remaining in the chamber can 
be seen when the rotor is returned to 2500 rpm before the next load. If the pellet 
is retained, do not attempt to load the next batch of cells. Stop the rotor with a 
high flow rate (>100 mL/min), open the centrifuge, and check that the pellet has 
been washed clear. If stopping the rotor still does not remove the pellet, then the 
entire rotor assembly will have to be taken out of the centrifuge, the chamber 
removed, and the pellet dislodged with a fine needle. Once the pellet is removed, 
the elutriation process can be restarted. 

6. This procedure increases the number of viable cells, and removes the majority of 
the other cell types and the usual bacterial and fungal contaminants introduced 
through the nonsterile environment of the antral lumen. 

Receptor damage due to hyperosmolality (9) is avoided because cell separation 
in these experiments was carried out using elutriation, which permits the use of 
isotonic solutions (10). Centrifugal elutriation utilizes centrifugal force and flow, 
which act in opposing directions, to separate cells on the basis of their volume. 
Different fractions of cells can be removed by altering the flow rate of fluid pass- 
ing through the elutriation chamber by altering the pump rate or by changing the 
speed of the centrifuge. Appropriate flow rates, centrifugation speeds, and wash- 
ing times can be determined empirically, and can easily be altered to choose dif- 
ferent populations of cells for study. 

Peptide-containing cells can be used as indicators for the enrichment by 
taking samples before and after elutriation centrifugation and carrying out 
radioimmunoassay. For example, gastrin content of 10 mg of undigested antral 
mucosa can be compared to the content of the cell suspension prior to elutriation 
and the two cell fractions collected during elutriation (usually determined for 
1 x 10 6 cells). The elutriation procedure can then be altered to maximize enrich- 
ment of G-cells. 

7. An initial plating density of 1 x 10 6 cells/mL/plate was chosen for the Fl fraction. 
This gives optimal attachment of the cells to the substrate, and the content of gas- 
trin is well within the range required for detection by the available radioim- 
munoassays. This plating density has to be doubled for the F2 fraction if it is 
intended to complete release experiments examining the regulation of somato- 
statin release. The number of somatostatin containing cells and their content are 
lower than that of gastrin. Therefore, the plating density has to be increased to 
bring the peptide content up to the detection level of the available radioim- 
munoassays. This is vital to detect basal somatostatin levels to provide the control 
level for comparison with subsequent stimulation or inhibition of the D-cells. 
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Conjunctiva Organ and Cell Culture 

Monica Berry and Marcus Radburn-Smith 

1. Introduction 

Conjunctiva, the mucous membrane of the eye, covers its surface from the 
limbus, the junction with the cornea, to the edges of the eyelids where it meets 
the skin, thus forming a blind sac that permits free movement of the eye. Topo- 
logically, the conjunctiva is divided into bulbar (covering the sclera, adherent at 
the limbus), tarsal (lining the lids), and fornical (from the medial "corner" of 
the eye). At the limbus, where putative corneal stem cells reside, a barrier 
whose nature has yet to be determined stops conjunctival epithelium from 
migrating over the cornea. When this barrier is damaged, the migration of con- 
junctiva over the cornea is accompanied by invasion of blood vessels and, con- 
sequently, loss of sight. There is a change in morphology from the fornix, 
where cylindrical cells give rise to a columnar stratified conjunctival epithe- 
lium, to the limbus and lid margins where flattened cells result in a squamous 
stratified tissue (1). In rodents and rabbits, goblet cells appear in clusters. Their 
apical openings are decorated with actin collars (2). These are not seen in 
human tissue, where goblet cells may appear either singly (see Fig. 1) or in 
clusters. Although these cells are larger than the surrounding squames, they do 
not necessarily span the entire epithelial thickness. 

The equal efficiency of expanding primary epithelial cultures from every 
region of the human conjunctiva, i.e., limbal, bulbar, tarsal, and fornical, sug- 
gested that this epithelium does not have stem cells (3,4). On the other hand, 
phorbol ester treatment and pulse 3 H-thymidine labeling of conjunctival epithe- 
lium in vivo indicated the presence of slow cycling cells, consistent with a stem 
cell population, in the fornix (5). Clonal expansion of cells from every part 
of the conjunctiva yielded cultures in which goblet cells differentiated after a 
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Fig. 1. Confocal x-z (transversal) scan of normal human conjunctival epithelium. 
Actin in the cell cytokeleon has been visualized with Phalloidin. The goblet cell can be 
recognised by its shape and cross-reaction with antibody 45M1 to MUC5AC. The latter 
is difficult to distinguish on this gray-scale image. The stippling at the apical surface of 
the superficial epithelial cells are intercellular junctions. 



specific number of cell divisions (3). Expansion from explants also resulted in 
epithelial cultures where goblet cells were observed again after a period of 
absence (4) (see Fig. 2). Electron microscope images have been interpreted as 
refilling of goblet cells (6). Goblet cells fulfill the following criteria: 

1 . Positive staining of secretory granules with alcian blue or periodic acid Schiff. 

2. Reactivity with: (a) cytokeratin (CK)-7; (b) lectins Ulex europea I (UEA-I) and 
Helix pomatia agglutinin (HPA); (c) mucin MUC5AC (or detection of MUC5AC 
mPvNA using RT-PCR); (d) the M(3) muscarinic receptor. 

3. Nonreacting with: (a) cytokeratin CK-4; (b) Banderia simplicifolia lectin; (c) M(l) 
muscarinic receptor (7). 

They have been isolated from explant-derived cultures and passaged without 
loss of goblet cell characteristics. However, a spontaneous mutation in a normal 
human conjunctival epithelial culture resulted in an immortal cell line that is 
totally epithelial (8). There is some evidence that conjunctival fibroblasts are 
different from the keratocytes of the cornea. In vitro they can be included in a 
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Fig. 2. Conjunctival epithelium migrated out from the explant onto the plastic cell 
culture vessel. Goblet cells, reacting with antibody 45M1 to MUC5AC, can be seen on 
the surface of the explant and among the squamous epithelial monolayer. Scale bar 
20 um. 



collagenous matrix to function as a stromal equivalent which improves epithe- 
lial stratification (9). 

Cadaveric tissue or conjunctival biopsies can be used to set up primary 
epithelial or organ cultures. Cultured epithelia can be stratified and included in 
organotypic cultures on an artificial stroma, a collagen gel populated with stro- 
mal fibroblasts. Innervation and vascularisation of these cultures are outside 
the scope of this chapter. 

2. Materials 

2.1. Legal Framework 

Before any human material can be used for research it is necessary to satisfy 
all the legal requirements governing this application, e.g., obtain the approval of 
the relevant committee for ethics in research. If biopsy material is used, a signed 
informed consent form should be obtained from each tissue donor. The readers 
should inquire about requirements and procedures that apply to their institution. 

2.2. Media 

2.2.1. Disinfection 

1. Dulbecco's phosphate-buffered saline (DPBS, Invitrogen Corporation, www. 
invitrogen.com; Gibco cat. no. 1040-091) sterile. 
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2. 3% (w/v) polyvinylpyrrolidone-iodine (Sigma, www.sigmaaldrich.com; cat. no. 
PVP-I) in distilled sterile water; keep in the dark and discard solution after 14 d. 

3. 0.3% (w/v) sodium thiosulfate 5-hydrate (BDH, www.bdh.com; cat. no. 102684G) 
in distilled sterile water. Keep protected from light. 

2.2.2. Tissue Dissociation 

1. Dispase Invitrogen Corporation (Gibco, cat. no. 17105). 

2. DPBS (Invitrogen Corporation, Gibco cat. no. 1040-091) sterile. 

2.2.3. Growth Media 

2.2.3.1. Primary Cell Culture 

It is common practice to establish a primary cell culture in a medium sup- 
plemented with animal serum, usually fetal bovine serum (FBS). Established 
cultures can be transferred to defined media after a number of passages. 

1. RPMI 1640 (Invitrogen Corporation, Gibco 21875-034); keep refrigerated at 4°C. 
This medium contains glutamine and has a limited shelf life. 

2. Nonessential amino acids [RPMI- 1640 Amino Acids Solution (50X), Sigma]; 
keep refrigerated at 4°C. Filter through 0.2-u.m filter before adding to medium. 

3. Epidermal growth factor (human; recombinant E9644 Sigma). Aliquot on arrival 
and keep refrigerated at less than -20°C. Do not filter EGF! All animal-derived 
products should be treated as potential biohazards and handled with appropriate 
care and protection. Dispose of used containers in incineration bins. 

4. FBS (Invitrogen Corporation, Gibco 26140-079). Keep at less than -20°C. Aliquot 
after defrosting overnight at 4°C, thus avoiding multiple freeze-thaw cycles. The 
volume of the aliquots is determined by its use. Filter through 0.2 urn filter before 
adding to medium. 

5. Antibiotic antimycotic solution 100X (Sigma, cat. no. A9909). Aliquot and keep 
at -20°C. Avoid repeated freezing and thawing. Filter through 0.2-u.m filter before 
adding to medium. 

2.2.3.2. Defined Media 

A large number of defined media are available. We have been most suc- 
cessful using Keratinocyte Growth Medium (KGM) BulletKit (Cambrex Bio 
Science, www.cambrex.com; cat. no. CC-3107). Basal medium should be kept 
at 4°C. Additives included with the BulletKit should be stored at -20 °C and 
added prior to use. These are: 

1. Recombinant human epithelial growth factor hEGF (cat. no. CC-4015). 

2. Bovine pituitary extract (cat. no. CC-4002). 

3. Insulin (cat. no. CC-4021). 

4. Gentamicin GA1000 (cat. no. CC-4081). If possible, avoid the use of gentamicin, 
because it reduces cell growth. 
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2.2.4. Cell Dissociation and Passage 

1. Ca- and Mg-free PBS (Dulbecco's PBS, Sigma cat. no. D5527). 

2. Trypsin-EDTA solution: 0.25% trypsin; 0.02% EDTA (Sigma cat. no. T4049)— 
aliquot aseptically and store at -20°C. Filter sterilize (0.2-um filter) before use. 

2.2.5. Stratification Media 

2.2.5.1. High-Calcium Medium 

KGM (Cambrex Bio Science, cat. no. CC-3107) supplemented with 1 roM 
CaCl 2 to give a final concentration of 1.15 mM CaCl 2 . 

2.2.5.2. Collagen Gel Matrix 

1. 10X tissue-culture medium without supplements {see Note 1). 

2. Collagen type I: acid soluble rat tail collagen (Sigma cat. no. C7661). The colla- 
gen should be solubilized overnight and stored at 4°C {see Note 2). 

3. \ N sodium hydroxide. 

4. 50% glutaraldehyde solution (Sigma, cat. no. 7651); this should be handled in 
laminar flow hood. 

5. Chondroitin-6-sulfate, chondroitin sulfate C (Sigma, cat. no. C4384). 

6. Glycine (Sigma, cat. no. G8790). Glycine "mops up" any unreacted glutaralde- 
hyde. Make up 25% glycine in tissue-culture medium and store at room temper- 
ature in small aliquots. 

2.2.6. Cryopreservation Media 

For primary cultures or cultures grown in media with animal sera, the freez- 
ing medium consists of: 

1. RPMI-1640 (Invitrogen Corporation, Gibco cat. no. 21875-034). 

2. 20% FBS (Invitrogen Corporation, Gibco cat. no. 26140-079). 

3. Dimethyl sulfoxide 10% (v/v) (DMSO, Sigma cat. no. D8779); this should be 
kept at room temperature. Ensure it is liquid before dissociating the cells. 

4. Antibiotic antimycotic mixture (Sigma, cat. no. A9909). Final dilutions of 
antibiotics are 50 U/mL penicillin, 50 U.g/mL streptomycin and 125 ng/mL 
amphotericin. 

For cultures grown in defined media, use the complete KGM with 10% FBS 
(16000-036, Gibco) and 7.5% DMSO {see Note 3). 

2.2.7. Organ Culture Medium 

For organ culture, we have used tissue-culture medium: 

1. RPMI-1640 (21875-034 Gibco). 

2. 10% FBS (Invitrogen Corporation, Gibco cat. no. 26140-079). 

3. Antibiotic antimycotic mixture (Sigma cat. no. A9909). 
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2.3. Histochemistry 

2.3. 7 . Cell Fixing and Staining 

1. Paraformaldehyde (Sigma P6148) 1% solution pH 7.5. The paraformaldehyde 
solution has to be prepared in a fume hood while wearing protective clothing and 
gloves: 

a. Dissolve 1 g paraformaldehyde in 50 mL distilled water. 

b. Heat to 65°C. 

c. Add 1 N NaOH until solution clears. 

d. Adjust pH to 7.5 with 1 N NaOH or 1 N HC1. 

e. Bring final volume up to 100 mL. 

f. Filter through a 0.2-|0.m filter. 

2. 1 N NaOH. 

3. 1 JVHC1. 

4. PBS. 

5. Triton X-100 (Sigma, cat. no. T2199). 

2.3.2. Assessment of Epithelial Nature and Stratification 

1. Bovine serum albumin (BSA, Sigma, cat. no. A3912) should be stored at 4°C. 
Prepare solutions close to the time of use, store them at 4°C, and discard them 
after 1 wk. Inspect for bacterial growth and discard if any is detected. 

2. Polyoxyethylene-sorbitan monolaurate (Tween-20, P1379 Sigma). 

3. Anticytokeratin antibodies: The mixture of anit-human cytokeratin antibodies 
AE1/AE3 stains keratinized epithelial and corneal epithelium (Dako, www.dako. 
co.uk; cat. no. M3515). Monoclonal anticytokeratin peptide 19 antibody (Sigma, 
cat. no. C6930) should detect conjunctival epithelial cells only. 

4. Phalloidin-tetramethylrhodamine C isothiocyanate conjugate (TRITC- Phalloidin, 
Sigma, cat. no. PI 951) stains F-actin found in the cytoskeleton. This material is 
very poisonous and should used be with great care. All procedures should be 
carried out in a laminar flow hood. Protective clothing should be worn and all 
slides disposed of according to local safety procedures. 

2.3.3. Assessment of Coblet Cell Differentiation 

1 . Cytokeratin 7 is believed to be specific to goblet cells. The monoclonal antibody 
to cytokeratin peptide 7 (Sigma, cat. no. C6417) can thus be used to assess goblet 
cell differentiation. 

2. An antibody against the main goblet cell mucin, MUC5AC, antibody 45M1 
(Novocastra Laboratories Ltd. www.novocastra.co.uk; cat. no. NCL-HGM-45M1), 
can also be used to detect goblet cells. 

3. A histochemical stain, periodic acid-Schiff (PAS, Sigma, cat. no. 395B) will also 
detect glycoproteins and mucins. 
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2.4. Plastics 

1. 1-mL plugged pipets (www.bibby-sterilin.com; Sterilin, cat. no. 47105) (see 
Note 4). 

2. 10-mL plugged pipets (Sterilin, cat. no. 47110). 

3. 25-mL plugged pipets (Sterilin, cat. no. 47125). 

4. Sterile tips suitable for the pipettor used. 

5. Sterile wide orifice tips (Rainin, cat. no. HR-250WS). 

6. BD Falcon sterile tissue-culture dishes 35 x 10 mm (BD Biosciences, cat. no. 
353001). 

7. BD Falcon sterile organ culture dishes 60 x 10 mm (BD Biosciences, cat. 
no. 353037). 

8. BD Falcon sterile 25 cm 2 vented tissue-culture flasks (BD Biosciences, cat. no. 
353107). 

9. BD Falcon sterile 75 cm 2 vented tissue-culture flasks (BD Biosciences, cat. 
no. 355001). 

10. BD Falcon sterile 24-well tissue-culture insert companion plates (BD Biosciences, 
cat. no. 3535404). 

11. BD Falcon tissue-culture inserts 0.4 |0,m pore, transparent membrane (BD 
Biosciences, cat. no. 353495). 

12. Stratification supports: A large variety of tissue culture inserts is available. We 
have successfully used Cellagen™ Discs CD-24 (www.icnbiomed.com; cat. no. 
152316). The Cellagen™ Discs are also referred to as inserts. 

13. Organ culture supports: Triangular stainless-steel mesh supports, which fit the 
central well of an organ culture dish, side length to fit the organ culture central 
well should be sterilized before use. Squares of lens paper are cut with equal sides 
to the steel mesh and sterilized before use. 

3. Methods 

3.1. Tissue Retrieval 

3.1 .1 . Cadaver Tissue 

1. Ensure all appropriate donation and consent forms have been obtained. 

2. To collect conjunctiva from a cadaver donor, first insert an eyelid speculum to 
part the eyelids. Use iris scissors to cut the conjunctiva all around the anatomical 
limbus and detach it from adherent Tenon's fascia. Make a further incision into the 
conjunctiva away from the limbus and cut around to obtain an annulus of tissue. 

3. Place conjunctiva in sterile saline or tissue-culture medium for transport. 

4. Tissue should be obtained using aseptic techniques (see Note 5). However, the 
ocular surface is exposed to the environment and, therefore, not necessarily free 
of microorganisms. Postmortem there is an increase in the ocular surface flora, 
even under closed lids and with refrigeration. It is therefore necessary to disinfect 
the fragments of tissue before culture. 
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3.1.2. Disinfection 

1. Thorough rinsing in sterile PBS is necessary to dislodge any particles or loosely 
adhering organisms. Rinse in sterile PBS for 5 min three times. 

2. Incubate in 3% PVPI for 1 min. 

3. Dip quickly in 0.3% sodium isothiosulfate (for 15 s). 

4. Final rinse in fresh portions of PBS 3 times for 5 min each. 

3.2. Dissociation 

3.2.1. Epithelial Cells 

There are a number of enzymes that can be used to detach epithelial cells 
from the underlying tissue. The use of Dispase ensures a good yield of viable 
epithelial cells (see Note 6). 

1. Fragment the tissue with a sterile scalpel or scissors. 

2. Wash the tissue fragments in sterile PBS. 

3. Incubate the fragments in the Dispase solution (2.4 to 0.6 U/mL) at 37°C. Make 
sure that the tissue fragments are well covered by the solution. 

4. Stir slowly at 37°C until the tissue is sufficiently dissolved. When using Dispase 
for the first time, determine the total reaction time by counting the cells after 
20-25 min. If necessary, separate the dispersed cells from residual tissue by 
lightly scraping the surface. 

5. Check that cell clumps are coming off. If they are not, replace cornea in Dispase 
and wait another 5-10 min. 

6. Repeat scraping. 

7. Dilute cells with a large volume of medium (this inhibits Dispase activity) in a 
centrifuge tube. 

8. Spin at 800g for 10 min at room temperature. 

9. Discard supernatant; resuspend the pellet in lmL medium and gently pipet up 
and down to obtain a single-cell suspension. 

10. Plate in one 25-cm 2 flask in 1 mL medium. Leave for a few hours or overnight. 

11. Add 1-3 mL medium. 

12. Check every 2 d for cell growth. 

3.2.2. Stromal Fibroblasts 

Explants, approx 1-2 mm 3 should be cut with a sterile blade and spread on 
the bottom of the culture vessel. Adhesion to the vessel is improved if only a 
small amount of medium, <0.5 mL, sufficient to maintain a humid atmosphere, 
is added for the first 15-30 min. Nonadhering explants can be picked the next 
day and re-laid on a new flask. The remaining stroma after dissociation of 
epithelial cells is a good source for fibroblasts. Explants should be left on until 
sufficient growth is obtained, sometimes for up to 14 d, only refeeding when 
fibroblasts can be seen migrating out of the explants. Thereafter, medium 
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Fig. 3. Human conjunctival fibroblasts after (A) 7. (B) 10. (C) 24 d in culture. Scale 
bar 20 jam. 



should be changed two or three times a week. Examples of conjunctival fibrob- 
last cultures are shown in Fig. 3. 

3.3. Cell Expansion 

3.3.1. Epithelial Cultures in Media Containing Animal Sera 

To prepare the tissue-culture medium, mix the following ingredients in a 
laminar flow hood ensuring that all ingredients are sterile. It is advisable to 
filter sterilize all previously opened or aliquoted ingredients, except EGF, 
through a 0.2-(0.m filter. 
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To 500 mL RPMI-1640, add: 

1. 50 mL FBS (10% final concentration). 

2. 5 mL antibiotic/antimycotic mixture, final concentration: 50 U/mL penicillin, 
50 |J.g/mL streptomycin, and 125 ng/mL amphotericin. 

3. 5 mL nonessential amino acids (1% final concentration). 

4. 5 Ug EGF. Do not filter EGF! 

Aliquot into smaller sterile bottles to avoid repeated warming and improve 
sterility. Medium should be warmed to 35°C before use. The medium should be 
changed every other day. Confluence is reached within 7-14 d. At this stage, it 
is advisable to maintain the antibiotics and antifungal additions to the medium. 

Examples of primary cultures of normal human conjunctival epithelial cells 
grown in this medium are shown in Fig. 4. Most primary cell cultures have a 
limited life-span. Inspection of cell morphology should be undertaken to detect 
changes indicative of senescence, e.g., increase in cell size and varying shape 
(see Fig. 5). Passaging when the very first signs of morphology change are 
detected may, sometimes, result in nonsenescent cultures. 

3.3.2. Epithelial Cultures in Defined Media 

Basal KGM medium should be kept at 4°C. Additives shipped with the 
medium should be stored at -20°C, thawed at room temperature, and added 
prior to use. It is always advisable to aliquot the complete medium into smaller 
volumes in order to avoid repeated warming and cooling. To reduce the prob- 
ability of infection it might be desirable to use a fresh aliquot with each feed. 

3.3.3. Passage 

At confluence, around d 14 for epithelial cultures, or when the cells cover 
70-80% of the bottom of the flask, the cultures can be expanded or passaged 
by enzymatic dissociation from the culture vessel and replated over a larger 
area, usually three times the original. The passage number of the culture 
increases by one unit every time this procedure is carried out. 

1 . Discard the entire volume of spent medium. 

2. Rinse with sterile-filtered Ca 2+ /Mg 2+ -free PBS, 3 mL of PBS for a 25-cm 2 flask. 
Repeat three times, each time exchanging the entire volume of buffer used. Dis- 
card supernatant. 

3. Add 1 mL sterile-filtered Trypsin-EDTA to a 25 cm 2 flask, or sufficient trypsin to 
just cover the cell layer. 

4. Place at 37°C for 4 min. 

5. Check rounding (see Note 7). If cells are not detached, return to incubator and 
check every 1 min thereafter. 

6. When cells are rounded and detached, add 3 mL medium or sterile PBS with 10% 
FBS, and gently mix the detached cells with it. Excess protein and Ca inhibit 
trypsin activity. 
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Fig. 4. Human conjunctival epithelium in primary culture in RPMI-1640 with 10% 
FBS. (A) 4. (B) 7. (C) 10 d in culture. Scale bar 20 urn. 



7. Gently transfer the medium containing cells into an appropriate sterile centrifuge 
tube. 

8. Spin for 10 min at 500g, to obtain a cell pellet (see Note 8). 

9. Discard supernatant avoiding the cell pellet at the bottom of the tube, which might 
not be very well formed. 

10. Add 1 mL tissue-culture medium, gently pipet up and down to obtain single-cell 
suspension. 

11. Take a 20-|0.L aliquot, to assess cell concentration, dilute as required with 
PBS ± Trypan blue. 

12. Count cells with hemocytometer: count five 1 mm 2 squares; the number of cells 
is mean count x 10 4 x dilution factor cells/mL (see Note 9). 

13. Plate as required, or passage 1 :3, i.e., from a 25-cm 2 flask to a 75-cm 2 flask. 
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Fig. 5. Senescent conjunctival epithelium. Note the very large cells and the dismor- 
phic squamous epithelium. Scale bar = 20 urn. 



3.4. "Weaning" to a Defined Medium 

A weaning regime is not necessary when changing to a fully defined 
medium; cultures can be fed with the defined medium without any transitional 
period. 

3.5. Stratification 

Stratification can be achieved either on tissue-culture inserts, artificial stroma 
(collagen gel), or stromal equivalent (collagen gel populated with stromal 
fibroblasts). 

3.5. 7. Epithelial Stratification 

To obtain stratified growth, epithelial cells will be seeded on collagenized 
tissue culture inserts, allowed to establish and grow, and then air-lifted. 

1. Resuspend dissociated cells to 7.5 x 10 5 cells/mL in tissue-culture medium. 
Gently pipet up and down to obtain a homogeneous suspension. 

2. Immerse Cellagen™ inserts in tissue-culture medium, then discard the medium. 

3. Seed each insert with 1.5 x 10 5 cells per insert, by adding 200 U.L of the 7.5 x 10 5 
cells/mL stock to each insert. Cells should be seeded using a 200-uX sterile wide- 
orifice tip (see Note 10). 

4. Incubate cultures at 37°C, 5% C0 2 , 90% humidity. This is day 0. 
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5. 12-24 h after seeding, remove medium from the inserts. Aspirate first around and 
then carefully inside the insert. Tilting the plate helps remove the medium with- 
out touching the cells. 

6. Add 1 mL tissue-culture medium to the well and 200 uL of KGM to the inserts. 
It is important to avoid air bubbles. Tilting the plate and pipetting slowly dimin- 
ishes the risk of air bubbles. Air bubbles must be removed before replacing the 
plate in the incubator. 

3.5.1 .1 . Airlifting 

Cells are brought to liquid-air interface and fed with high-calcium medium, 
which improves the formation of intercellular junctions. This can be done 3 d 
after seeding. 

1. Remove medium from wells and inserts. Add 1 mL high-calcium medium to the 
well, avoiding air bubble formation. Do not add medium to the inside of the 
inserts. 

2. Feed twice a week by replenishing the medium in the well. Add 50 uL of medium 
to the cellular surface to minimize keratinization. 

The cultures should be used within 7-14 d of air-lifting. 
3.5.2. Epithelial Stratification on Stromal Equivalents 

This organotypic culture is useful when interactions between epithelium and 
stroma are being investigated. In vivo, there are multiple interactions between 
stroma and epithelium maintaining tissue homeostasis. This method has been 
adapted from ref. 10. 

To make a collagen gel as a matrix for stromal fibroblasts: 

1. Dissolve the collagen in 0.01% acetic acid, overnight at 4°C at a concentration of 
2-4 mg/mL (3 mg/mL works well). 

2. To make collagen gels, prepare cold pipets, universals, plates, inserts if used, and 
an ice pack by placing all in the freezer for a few hours or overnight. 

3. To delay gel setting, use glass containers and mix keeping cold: 

a. 8 mL collagen (3-5 mg/mL), ice cold. 

b. 1.8 mL of 10X tissue-culture medium, cold. 

c. 0.2 mL 1 N NaOH. 

d. Adjust pH to 7.2-7.4 with 0.1 N HC1. 

4. Add while gently and thoroughly mixing, 520 U.L of chondroitin sulphate C 20% 
(w/v) in Ca 2 7Mg 2+ -free PBS. 

5. In a separate Eppendorf, make up a 1.5% glutaraldehyde solution by mixing 

a. 6 U.L of 25% aqueous glutaraldehyde. 

b. 94 LtL of 20% dextran in DMEM. 

Prepare the glutaraldehyde solution just before use and ensure that the aliquots are 
not exposed to air (seal tight!). Oxidized glutaraldehide does not cross-link. 
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6. Add the 1.5% glutaraldehyde mixture to the collagen matrix to give a final con- 
centration of 0.02% glutaraldehyde. Mix thoroughly, but gently. 

7. Cross-link on ice for 2 h — stir a few times. 

8. To remove excess glutaraldehyde, add 500 uL of 25% glycine in tissue culture 
medium. Mix well and incubate for 2 h on ice. 

9. Mix 10 5 fibroblasts/mL in 3 mL medium with the cold pH-ed collagen mixture. 

10. Dispense 0.5 mL/well in cold 24-well plate. 

11. Incubate at 37°C overnight. 

12. Seed epithelial cells as described above. 

3.6. Cryopreservation 

Dissociated cells can be preserved in liquid nitrogen until use. It is prudent 
to keep samples of early passages as comparators for morphological and phys- 
iological changes that might occur with time during cell culture. 

1. Pellet dissociated cells by centrifugation for 10 min at 800g at room temperature. 

2. Resuspend in 1-1.5 mL cold freezing medium at a density of 10 6 cells/mL in a 
sterile cry o vial. 

3. Freeze at a rate of -l°C/min. 

4. Place in liquid nitrogen (see Note 11). 

To defrost an aliquot of cells, it is beneficial to raise the temperature fast and 
remove the freezing medium efficiently. 

1. Heat the cryovial quickly in a 37°C water bath. 

2. As soon as the liquid has thawed, add 5 mL of appropriate tissue culture. 

3. Plate cells. 

3.7. Organ Culture 

Organ culture is used to follow the metabolic fate of radioactive precursors 
in tissue fragments (see Note 12). 

1 . Place 2 mL tissue-culture medium in the central well of an organ-culture dish. 

2. Place lens tissue squares on triangular stainless-steel grids and saturate the lens 
squares with medium by gently touching the meniscus of the medium. Place the 
grid over the well ensuring that the paper is in contact with the medium. 

3. Cut the conjunctiva in pieces 4-6 mm 2 . 

4. Place conjunctival fragments on the grid. 

5. Add radioactive precursors to the medium in the central well. Add 1 mL sterile 
distilled water to the outside well, to maintain a moist atmosphere for the excised 
tissue (see Note 13). 

6. Incubate for at least 24 h and up to 96 h in a 5% C0 2 incubator at 35°C (see 
Note 14). 
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3.8. Identification of the Phenotype of Cultured Cells 

3.8. 1 . Cell Fixing and Staining Protocols for Epithelial Differentiation 

The method described below was optimized for confocal microscopy, but 
can equally be used for other modalitlies of visualising immunocytochemistry. 

Cytokeratins are part of the cytoskeleton differentially expressed in epithe- 
lial cells from different sources. Monoclonal anti-epithelial keratin AE1 and 
AE3 recognize the intermediate filaments of the cytoskeleton of epithelial cells 
and help differentiate cultured epithelium from fibroblasts (see Note 15). 

To determine the epithelial type of the cultures using anti-cytokeratin 
antibodies: 

1. Wash cells with PBS to remove adhering medium. 

2. Add 750 U.L of 1% paraformaldehyde to each culture well or insert of a 6-well 
plate and fix for 20-30 min at room temperature. 

3. Rinse twice with PBS, for 5 min each. 

4. Permeabilize with 500 itL 0.5% Triton X-100 for 30 min. 

5. Rinse with PBS for 5 min. 

6. Nonspecific binding can be decreased by a 10-min incubation with PBS contain- 
ing 10% serum appropriate to the antibody used (or FBS) and 0.1% Triton X-100. 

7. Rinse for 5 min with PBS with 0.1% Triton X-100 (PBT). 

8. Dilute primary antibody (e.g., antibody to epithelial cytokeratins AE1/AE3) 1 : 100 
in PBT with 5% serum (or FBS). Add 150 U.L of primary antibody to each insert 
and incubate at 37°C in dark for 1 h (see Note 16). 

9. Rinse three times with PBT for 5 min each. 

10. Dilute secondary antibody (e.g., tagged antibody to the Ig type of the primary 
antibody) 1 : 200 in PBT with 5% serum (or FBS). Add 250 itL of secondary anti- 
body to each insert, leave at 37°C (in dark, if fluorescently tagged) for 1 h. 

11. Rinse with PBT for 5 min. 

12. Rinse PBS for 5 min. 

13. Add mounting medium and cover. 

To visualize cell boundaries and the organization of F-actin, phalloidin gives 
beautiful results, especially if fluorescently tagged. Precautions should be taken 
when handling this very poisonous chemical: 

1. Follow steps 1-5 above. 

2. Dilute phalloidin 1 : 100 in PBT. 

3. Add 300 U.L phalloidin to each insert and incubate for 45-60 min at room tem- 
perature in the dark. 

4. Rinse with PBS + 0.1% Triton X-100 for 5 min, twice. 

5. Rinse with PBS for 5 min. 

6. Mount, cover, and image. 
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3.8.2. Goblet Cell Identification with Periodic Acid-Schiff (PAS) 

PAS is a useful and quick staining method for identifying glycoproteins and 
mucins, and in particular goblet cell secretory granules. 

1. Incubate cell cultures in 1% periodic acid in 3% acetic acid for 30 min. 

2. Rinse twice in 0.1% sodium metabilsufite in 1 mM hydrochloric acid for 2 min. 

3. Dip in Schiff reagent for 15 min. 

4. Rinse twice with 0.1% sodium metabisulfite for at least 5 min. 

Counterstaining with hematoxylin-eosin can be used if desired. 

4. Notes 

1. If the medium used for tissue culture is not available in 10X form, use 10X RPMI. 

2. Bovine skin type I collagen (Sigma, cat. no. C9791) can also be used to form the 
gel. Its advantages are that it cross-links better with glutaraldehyde and produces 
gels that are transparent. This method originates with May Griffith (10). 

3. This FBS has been chosen because of its low cytotoxicity. 

4. It is useful to have a supply of various pipets in close proximity to the laminar 
flow hood in which cell cultures are manipulated. All plastics used in tissue or 
organ culture have to be incinerated. Institutions usually provide special rigid con- 
tainers for the incineration of pipets. 

5. The time postmortem should be kept to a minimum, although conjunctival cells 
grow well from tissue collected within 24 h of death, if maintained at 4°C, in a 
moist chamber. 

6. The time of incubation and concentration of Dispase should be optimized for each 
application. Too concentrated a solution will cause excess cell death and may 
release fibroblasts from the underlying stroma which would then overtake the 
epithelial cells. 

7. Detaching cells appear rounded and floating in the trypsin. A tap to the side of the 
flask may help dislodge cells that are detached but still in place. Prolonged expo- 
sure to trypsin is damaging to cells and should be kept to a minimum, unless 
there is a good reason not to do so. Some authors consider that stem cells are the 
most insensitive to trypsin, and use trypsinization as a cell-selection technique. 

8. Centrifugation should be gentle to ensure that cells are not mechanically harmed. 
If necessary, increase spin length rather than speed. 

9. The optimal cell number is 20-50 per square; densities above and below this 
range lead to errors in the cell count. 

10. Standard 200 |iL pipet tips should not be used because the opening is too small 
and might damage the cells. 

1 1 . Good results can also be obtained by placing the cryotubes in an insulated box at 
-70°C overnight and then quickly transferring to liquid nitrogen. There are a 
number of desk-top devices that enable a degree of controlled-rate freezing at low 
expense. 

12. This is a modification of the method described by Corfield and Paraskeva (7/). 
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13. 14 C-Glucosamine and 3 H-ethanolamine were incorporated in both secreted and 
membrane-bound human conjunctival glycoproteins. A small fraction of the 
35 S-sodium sulfate radioactivity was recovered from mucin-like material (12). 

14. We have observed goblet cells migrating within a sheet of epithelial cells for at 
least 4 d. Maintenance of organ cultures is limited by media depletion and diffu- 
sion of nutrients within the tissue. 

15. Second layer antibody only controls should also be prepared to assess the level of 
nonspecific binding of these antibodies. 

16. Or incubate overnight at 4°C. 
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Establishment, Maintenance, and Transfection 

of In Vitro Cultures of Human Retinal Pigment Epithelium 

Martin J. Stevens, Dennis D. Larkin, Eva L. Feldman, 
Monte A. DelMonte, and Douglas A. Greene 

1. Introduction 

The retinal pigment epithelium (RPE) is a layer of multipotential cells of 
neural ectoderm origin lying between Bruch's membrane and the neural retina. 
The RPE subserves several essential ocular functions, including phagocytosis of 
shed photoreceptor outer segments, maintenance of the blood-retinal barrier, 
absorption of stray light, regulation of the biochemical, metabolic, and ionic 
composition of the subretinal space, and induction of embryonic differentia- 
tion of adjacent neural retina and choroids (1). Experimental evidence indi- 
cates that early in embryonic life the neural retina can regenerate from the 
pigment epithelium (2). In vitro cultures of pure RPE provide a vehicle for 
studying RPE function in both normal and diseased states, and may also serve 
as a model for other neural cells (3,4). Multiple techniques have been described 
for culturing human RPE (5-12). The authors describe here a modification of 
the technique of DelMonte and Maumenee (10), which is simple and effective 
in establishing primary cultures and extended cell lines of human RPE for 
research. 

2. Materials 

1. Hank's balanced salt solution (HBSS) without Ca 2+ and Mg 2+ , and Earle's bal- 
anced salt solution (EBSS) are supplied by Gibco (Grand Island, NY), and are 
stored at 4°C or room temperature. 

2. Ham's F12 Nutrient Mixture and Dulbecco's minimum essential medium 
(DMEM) are supplied by Gibco and stored at 4°C. 
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3. Bovine calf serum (defined and iron-supplemented) and fetal calf serum (FCS) 
(defined) are supplied by Hyclone Laboratories (Logan, UT), sterilely divided 
into 50-mL aliquots in 50-mL tubes, and stored at -20°C. 

4. L-Glutamine, penicillin/streptomycin, and sterile sodium bicarbonate solutions are 
supplied by Gibco and stored at -20°C. 

5. Establishment of primary cultures of human RPE is accomplished with the 
following recipe: Ham's F12 Nutrient Mixture, 16% fetal bovine serum (FBS), 
0.02 mM L-glutamine, 100 U/mL penicillin/100 |J.g/mL streptomycin, 0.075% 
(w/v) sodium bicarbonate. 

6. Trypsin-etheylenediaminetetraacetic acid (EDTA) is supplied by Gibco, sterilely 
divided into 10-mL aliquots in 15-mL tubes, and stored at -20°C. 

7. Papain (cat. no. P3125) and L-cysteine-HCl (cat. no. C7880) are supplied by 
Sigma (St. Louis, MO). Papain stock solution is prepared in advance in Ca 2+ - and 
Mg 2+ -free HBSS by adding 3 mM L-cysteine HC1, 1 mM EDTA, and 10 [ih/mL 
papain. The stock solution is stable for 2 wk when stored at 4°C. 

8. Acid-soluble collagen (Sigma type III) is supplied by Sigma and stored at -20°C. 

9. Silane (cat. no. M6514) for treating pipets is supplied by Sigma. Pipets are coated 
by rinsing in 0.2% silane, then chloroform, ethanol, and several water rinses, or by 
coating with silane vapor in a desiccator and then autoclaved to sterilize. 

3. Methods 

3.1. Preparation of Collagen-Coated Culture Vessels (see Note 1) 

1. Coating of dishes with acid-soluble type 1 collagen is easily accomplished as fol- 
lows: 0.5% solution of acid-soluble collagen in 0.1 M acetic acid is painted on the 
surface of the culture vessels with a fine brush. 

2. The thin collagen coating is gelled by exposure to NH 3 fumes from ammonium 
hydroxide for 12 h. 

3. The excess ammonia is neutralized with buffered saline. 

4. Dishes are sterilized by overnight exposure to UV light. 

3.2 Initial Dissection, Cell Isolation, and Primary Culture (see Note 2) 

1. Postmortem eyes are obtained from an eye bank within 96 h of death, and the 
anterior segment of the eye is removed by circumferential incision 5 mm posterior 
to the limbus. 

2. The vitreous and neurosensory retina are separated from the pigment epithelium, 
cut free at the optic nerve, and removed. 

3. The eyecup is rinsed three times with HBSS without Ca 2+ or Mg 2+ . It is important 
to keep the eyecup moist throughout the isolation procedure. 

4. The eyecup is filled with stock HBSS/papain solution and incubated for 40 min at 
37°C or until the RPE cell layer appears marbled. 

5. The papain reaction is stopped by the addition of 50 |iL of FBS to the eyecup. 

6. The HBSS/papain solution is removed from the eyecup and replaced with Ham's 
F12-medium without serum. 
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Fig. 1. Dissecting microscope — view of harvesting human RPE from the posterior of 
the eye using a fire-polished Pasteur pipet. Velvety appearing RPE (large arrow) is 
being gently vacuumed into the pipet (star) leaving behind the shiny Bruch's mem- 
brane (small arrow). Optic disk is marked with O for orientation. 



7. The RPE cells are dislodged and suspended with a stream of medium from a fire- 
polished Pasteur pipet treated with 0.2% silane to prevent sticking. Remaining 
adherent RPE is gently vacuumed free from Bruch's membrane using the fire- 
polished Pasteur pipet under direct observation with a dissecting microscope as 
shown in Fig. 1. 

8. The cell/papain solution is removed from the eye cup, placed in a sterile tube, 
and centrifuged at 50g for 3 min to pellet the cells. 

9. The cells are resuspended and washed in HBSS. 

10. The washed pellet is resuspended in complete media consisting of Ham's F12-M 
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Fig. 2. Primary explants of human RPE as examined by phase-contrast microscopy 
immediately after harvesting (x!40). 



media supplemented with 16% FCS, 0.075% sodium bicarbonate, 0.02 mM glut- 
amine, 100 U/mL penicillin, and 100 \ig/mL streptomycin. 

1 1 . Cells are distributed evenly into sterile uncoated or extracellular matrix-coated 
35-mm plastic culture dishes or the wells of 6- or 24-well culture plates. Twenty- 
four-well PRIMARIA culture plates (Falcon Plastics) provide excellent cell adhe- 
sion and colony formation characteristics, and are recommended for most primary 
culture applications. Other dishes or extracellular matrix coatings are fine for 
established cultures. Fresh RPE explants consist of single or small clusters of 
polygonal, deeply pigmented epithelial cells, which appear much as they do in 
vivo as seen in Fig. 2. 

12. Cultures are incubated at 37°C in a humidified 95% air, 5% CO-, atmosphere. 
After 2 d, the media are aspirated and replaced. Cell attachment and initiation of 
colony formation are monitored by phase contrast microscopy. 

13. Alternatively, at step 6, medium with serum is added to the eyecup, and small 
patches of cells are dislodged and plated directly into culture dishes or plates 
without the centrifugation step. This technique is especially useful for obtaining 
cultures from specific locations of the globe, such as the macular area, midpe- 
riphery, or periphery, to study regional differences. 

3.3. Establishment and Maintenance of RPE Cell Lines (see Notes 3-6) 

1. The medium is aspirated, and the cells are rinsed with 5 mL HBSS without Ca 2+ 
or Mg 2+ for 5 min. Cells can then be removed from the dishes by addition of 
either 2 mL 0.05% trypsin in 0.53 mM EDTA or 2 mL of stock HBSS/ papain 
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solution. The cells are then incubated at 37°C for 2-15 min. until they are rounded 
and begin to detach from the plastic. 

2. Trypsinization is terminated by addition of 1 vol of medium supplemented with 
10-20% calf serum. 

3. The cell suspension is centrifuged at 50g for 5 min and resuspended in medium. 
Established cell lines can be maintained in simpler media, such as DMEM with 
16% FBS replaced by as low as 2-5% calf serum or even, for short defined peri- 
ods of time, with defined serum-free medium. 

4. Cells are subcultured at a density of 10,000-20.000 cells/cm 2 in T-25 or T-75 
tissue-culture flasks. 

5. Cells are maintained at 37°C and humidified 95% air, 5% CO, atmosphere with 
fresh medium changes three times weekly. 

3.4. Transient Transfection of RPE Cells (see Notes 7-10) 

1 . When transfecting RPE cells, it is necessary to transfect cell cultures which are in 
exponential growth phase to maximize DNA uptake. Seeding density should be 
adjusted to allow cultures to reach approx 80-90% confluency at time of harvest. 
Therefore, our laboratory seeds cells at a density of 40,000 cells per well in 
24-well cluster plates (Costar cat. no. 3524) containing 0.5 mL MEM, 5% bovine 
calf serum (BCS). It is important to exclude the use of antibiotics, to avoid 
increased toxicity or cell death caused by excess intracellular uptake of antibi- 
otics during the DNA uptake period. 

2. Cultures are transfected 16 h post-seeding with the minimum amount of DNA 
necessary to produce reliably measurable luciferase activity. In our laboratory, we 
have obtained good results using lipofectamine 2000 (Invitrogen cat. no. 52758) 
and transfecting 180 ng test DNA and 5 ng control DNA to normalize for varia- 
tions in transfection efficiency. On the day of the transfection, combine test DNA 
and control DNA in 50 \xL Opti-MEM (Gibco, cat. no. 31985-062) per well to be 
transfected. Control DNA should be 1/50 of test DNA or less (1-20 ng) to mini- 
mize potential interference by competing promoters. 

3. Per well: Dilute 3 LiL of lipofectamine 2000 (LF2000) into 50 |iL opti-MEM. 
Incubate 5 min at room temperature. 

4. Combine diluted LF2000 with the diluted DNA and allow to complex 20 min at 
room temperature. 

5. Seed 100 |iL of LF2000/DNA complex per well. 

6. Cells should be re-fed after 6-8 h with standard medium with antibiotics. Alter- 
natively, cells can be re-fed 16 h post-transfection, but increased toxicity may 
result. 

7. Allow 24-48 h expression prior to assay. 

4. Notes 

1 . Cell attachment and colony formation are enhanced, especially in eyes from older 
donors and those obtained later after death, by coating the culture vessels with col- 
lagen or other artificial extracellular matrix (10,14). However, with the develop- 
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Table 1 

Donor Factors Influencing Human RPE Culture Success 

Donor characteristics 

Age 

<40 

40-60 

60-80 

>80 
Sex 

Male 

Female 
Time from death, h 

<24 

24-48 

48-72 

>72 

Adapted from ref. 13 with permission. 

merit of specially treated tissue-culture plastics, such as PRIMARIA (Falcon Plas- 
tics), cell adhesion and colony formation are excellent. Therefore, the use of arti- 
ficial extracellular matrix is usually unnecessary today unless required for specific 
experimental conditions. 

2. Donor characteristics influence the establishment of successful cultures: The high- 
est rates of viable cultures are found if patients are <60 yr of age and deceased 
<48 h. Table 1 summarizes donor characteristics that correlated with viable cul- 
tures in 21 consecutive pairs of eyes. 

3. After initiation of primary culture, cell adhesion occurs during the first 24-48 h. 
Viable cells begin to divide and establish heavily pigmented primary colonies 
within 5-14 d as seen in Fig. 3. Dividing cells become large, flattened, and poly- 
gonal with pigment granules clumped around a prominent nucleus with one or 
two nucleoli (see Fig. 4). The peripheral cytoplasm is thin and relatively trans- 
parent with prominent and often retractile cell/cell boundaries. 

4. In successful cultures, dense colonies expand to fill 25-50% of the culture surface 
within 14-28 d. Cell lines can be established and maintained for over 20 passages. 

5. Improved cell adhesion and colony formation in established cultures and cell lines 
are encouraged by using dishes coated with artificial extracellular matrix, such 
as collagen Type I (Sigma), as described above (10), or collagen Type IV, laminin, 
and Matrigel (all available from Collaborative Research, Bedford, MD) (14). 

6. Established human RPE cell lines from adult donors produced in this way main- 
tain polygonal epithelioid morphological characteristics and many in vivo func- 
tional characteristics, making them excellent models for study of the cell biology 
of these important neural-derived cells under normal and pathological conditions. 
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Fig. 3. Phase-contrast micrograph of primary colony formation after 14 d in culture 
showing pigmented, epithelioid cells, some with dividing nuclei (xlOO). 




Fig. 4. Higher power view of primary culture of human RPE after 21 d in culture 
showing dividing epithelioid cells with dense pigment surrounding the nucleus, atten- 
uated transparent peripheral cytoplasm with retractile cell/cell boundaries (phase con- 
trast x220). 
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Fig. 5. Established cell line from human RPE after 13th passage. Epithelioid features 
are maintained in spite of total loss of pigment by dilution during cell division (phase 
contrast xl60). 



10. 



In addition, future refinements and improvements in culture conditions should 
augment the utility of these cells in vision and neurobiology research. However, 
melanin synthesis generally does not occur after the fetal period and cells in estab- 
lished cultures become slowly depigmented by pigment granule dilution during 
successive cell divisions, such that third or fourth passage cells are almost com- 
pletely devoid of pigment as shown in Fig. 5. 

Most established RPE cell lines are relatively robust and are not easily damaged 
when handling in preparation for transfection experiments. Some RPE lines require 
higher concentrations of trypsin and/or longer trypsinization periods to properly 
trypsinize. Routinely, 0.05% trypsin-EDTA is highly effective in trypsinizing RPE 
cells, however, some RPE cell lines require 0.25% trypsin-EDTA and extended 
trypsinization times (10-30 min). 

Some RPE lines demonstrate heterogeneous growth rate and cell volume. This 
should be taken into account when seeding RPE cells for transfection experiments 
in order to ensure cells are at desired confluencies at harvest time. 
The optimum amount of test and control DNA needs to be determined empirically 
for a given set of plasmid DNA constructs. 

RPE cells demonstrate some resistance to complete dissolution by mild deter- 
gents used in transfection experiments (Promega, passive lysis buffer cat. no. 
E194A). Therefore, at harvest time, cells should be thoroughly scraped to maxi- 
mize lysis and dissolution. Lysed cell preparations can be stored at -80°C for 
extended periods (several months) until ready to assay. However, some luciferase 
activity will be lost due to the freeze thaw cycle. 
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